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PREFACE 


Volumes 3 and 4 present a selection of research studies prepared for the 
Royal Commission by its Research Division staff and by various authors 
under contract. Volume 3 includes: historical overviews and general sur- 
veys related to transportation objectives; studies on subsidies, pricing and 
competition; and a discussion of institutional issues. Volume 4 includes: 
applied analyses related to determining the cost of transportation; industry 
studies of the air, bus and rail modes; and studies on travel demand, 
taxation and technology. 


The historical overviews comprise two studies. The first, by D.R. Owram, 
entitled “Icons and Albatrosses: Passenger Transportation as Policy and 
Symbol in Canada,” examines the evolution of transportation in Canada, 
with particular emphasis on rail and roads. The second, by George W. Wilson, 
entitled “U.S. Intercity Passenger Transportation Policy, 1930-1991: An 
Interpretive Essay,” provides a survey and a critique of U.S. transportation 
policy over the last 60 years. | 


Two of the general surveys, namely, that by Robin Boadway, entitled 

“The Role of Equity Considerations in the Provision and Pricing of Passen- 
ger Transportation Services,” and that by David W. Slater, entitled “Trans- 
portation and Economic Development: A Survey of the Literature,” discuss 
issues related to the inclusion of equity or economic development as 
objectives for a passenger transportation system. 


The studies that discuss subsidies, pricing and competition issues include 
those by Trevor D. Heaver, entitled “Subsidies in Canadian Passenger 
Transportation”; David Gillen and Tae Hoon Oum, entitled “Transportation 
Infrastructure Policy: Pricing, Investment and Cost Recovery”; John Blakney, 
entitled “Competition Policy and Canadian Passenger Transportation”; and 
Keith Acheson and Don McFetridge, entitled “Controlling Market Power in 
Weakly Contestable Canadian Airline Markets.” Federal-provincial institu- 
tional issues are discussed in two papers by Patrick J. Monahan, entitled 
“Constitutional Jurisdiction Over Transportation: Recent Developments 
and Proposals for Change” and “Transportation Obligations and the 
Canadian Constitution.” 


y 


The applied analyses in Volume 4 include three studies on the cost 

of transportation. These are “Transportation Infrastructure Costs in 
Canada” by Ashish Lall; “Road Costs” by Fred P. Nix, Michel Boucher 
and Bruce Hutchinson; and “Environmental Damage from Transporta- 
tion” by VHB Research & Consulting Inc. Of the industry studies, that 

by Steven A. Morrison, entitled “Deregulation and Competition in the 
Canadian Airline Industry,” and that by Ron Hirshhorn, entitled “The 
Effects of U.S. Airline Deregulation: A Review of the Literature,” relate to 
the air mode. The bus mode is addressed in “An Analysis of the Canadian 
Intercity Scheduled Bus Industry” by Richard Lake, L. Ross Jacobs and 

S. T. Byerley. The rail mode is addressed in the study by Charles Schwier 
and Richard Lake, entitled “VIA Rail Services: Economic Analysis,” while 
airports are considered in “Airport Investment and Pricing Policies” by 
A. Cubukgil, S. Borins and M. Hoen. 


Volume 4 concludes with studies on three further topics. Travel demand is 
addressed in two studies. The paper by Eric J. Miller and Kai-Sheng Fan, 
entitled “Travel Demand Behaviour: Survey of Intercity Mode-Split Models _ 
in Canada and Elsewhere,” is a general survey of demand modelling. It is 
complemented by Richard Laferriére’s study, entitled “Price Elasticities of 
Intercity Passenger Travel Demand,” which calculates various elasticities _ 
of travel demand from several models on comparable bases. The impact of 
taxes on the cost competitiveness of Canadian intercity passenger transpor- 
tation carriers, both intermodally and with U.S. carriers, is addressed in 
“Differential Taxation of Canadian and U.S. Passenger Transportation” by 
Ken McKenzie, Jack Mintz and Kim Scharf. Finally, a discussion of general 
technology issues and of prospective technology relevant to Canadian inter- 
city passenger transportation modes over the next 25 years is provided in 
“Notes on Intercity Passenger Transportation Technology” by Richard Lake. 


The contribution of those who participated in the editing and translation of 
all of the four volumes of this report was acknowledged at the beginning 
of Volume 1. In addition, the Royal Commission staff was ably assisted 

in the editing of Volumes 3 and 4 by PMF Editorial Services Inc. 
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TRANSPORTATION INFRASTRUCTURE COSTS IN CANADA 


Ashish Lall* 
September 1990 


|. INTRODUCTION 


In the mid-1970s, various studies produced by the Research Branch of the 
Canadian Transport Commission (CTC) examined the costs and revenues 
of road, rail, air and marine modes of transportation. 


These studies covered the period 1955 to 1968. The capital stock estimates 
in the various studies were based on historical investment series which 
went as far back as the late 19th century. An attempt was made to incorpo- 
rate not only the direct costs and revenues relevant to the various modes, but 
also to account for the costs of licensing, economic regulation and justice. 


In 1982, Transport Canada produced a study that extended the work of the 
CTC studies to cover the period 1969 to 1979. Although the general method- 
ology was similar to that of the CTC studies, careful examination shows that 
some data and/or methodology changes have been made. 


The Transport Canada study derived a measure of cost recovery for each 
mode and therefore was able to cast light on the contribution to each mode 
from the public purse. The scope of the study was restricted to infrastruc- 
ture provided by the government. In the case of the air mode, for example, 
the costs and revenues were related to-civil aviation services and did not 


* Research Division, Royal Commission on National Passenger Transportation. 


include carrier information. The rail mode was the only exception: both 
infrastructure costs, which are borne by the carrier, and operating costs 
were included. 


The Transport Canada study examined costs on the basis of cash flow, book 
value and inflation adjustments. The cash flow analysis treated all costs as 
current costs. The book-value method classified operating and maintenance 
(O&M) costs as current costs, and capital costs were allocated over the ser- 
vice life of the assets. The book-value analysis derived gross and net capital 
stocks for the different modes based on investment at historical nominal 
cost. These historical cost measures were adjusted for inflation in the 
inflation-adjusted analysis. 


The following three sections on road costs, civil aviation costs, and rail 
costs and revenues attempt to update the Transport Canada study. They, 
however, do not include any indirect costs such as those of regulation 
and justice, nor do they attempt to include revenues (with the exception 
of rail). 


The Transport Canada study and its predecessors were based on detailed 
information collected from a variety of sources. The following sections rely 
primarily on Statistics Canada data. Some information is also derived from 
the tables in the CTC and Transport Canada studies. Any inconsistencies 
between the two sources affect the current study. This leads to inherent 
biases in the capital stock estimates that can only be rectified by collecting 
historical data on investment expenditure. 


Tables 1 and 2 present some comparative results for the three modes under 
consideration. The constant-dollar, cash-flow analysis shows a decline in 
O&M costs for all three modes. Real total costs have also declined for the 
rail mode. Over the period 1983 to 1986, the real net capital stock of the 

air and rail modes has increased at an annual rate of 9.46 percent and 

6.22 percent respectively. Although the real net capital stock of the road 
mode registers a decline, this does not suggest that road infrastructure is 
deteriorating in Canada; the growth rate of the net stock of roads is quite 
sensitive to the method of depreciation, and pavement life. 


Table 1 
Moat Costs In MILLions oF 1986 $ 


papetage: flow Cash flow Book value Inflation adj. Inflation adj. 
papetage: $) (1979 $) (current $) (1979 $) (current $) 


Table 2 
ANNUAL AVERAGE Compounn Grow Rares (%), 1983-1986 


Notes: O&M — Operating and maintenance expenditure 
TC — Total cost 
NCS — Net capital stock 


The Estimates version of the air data is reported here. 
Road data are for the case of 20-year, straight line depreciation. 


As noted in the text, air and road estimates are for infrastructure costs/capital 
whereas rail estimates are for total costs/capital. 


ll. Road Costs in CANADA, 1980-1988 


BACKGROUND AND PURPOSE 


One of the most widely quoted studies of road costs and revenues is 

by Haritos.' This study covered the period 1955 to 1968. It was updated by 
Transport Canada in the form of a multimodal study in 1982,? to cover the 
period 1969 to 1979. The Transport Canada study (henceforth referred to as 
the TC study) attempted to derive a cost-recovery index on an industry-wide 
basis for the rail, road, marine and air modes of transport. 
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Haritos included those infrastructure costs and revenues that are attri- 
butable to users of each mode. The costs included the following categories: 


¢ infrastructure costs; 
¢ administration, O&M costs; 
¢ costs of safety including regulation, courts, police, search and rescue; 


¢ costs of economic regulation (CTC/National Transportation Agency [NTA] 
costs); and 


¢ costs of licensing and registration, etc. 


The purpose of this section is to update the road-cost estimates computed 
in the TC study. Unfortunately, the lack of data does not permit as detailed 
an analysis. 


DATA AND METHODOLOGY 


Data on road expenditures by various levels of government are available 
from a variety of sources (see Appendix 1). None of the listed sources were © 
used in this study, either because of inconsistencies in the data or because 
information was not available for the entire period being studied. 


The data used here are from Statistics Canada,? and include capital and O&M 
expenditures on roads by all levels of government. Consolidated Government 
Expenditure on Roads is taken to represent the total expenditure on roads.* 
The total value of construction (new and repair) work purchased by all levels 
of government is taken to represent capital expenditure on roads. This 

includes expenditures on highways, roads, streets, bridges, trestles, culverts, 
overpasses and viaducts. O&M expenditures are then derived as a residual. 


As is discussed later, the information utilized in this analysis contains some 
margin of error compared to other sources; in general, it overestimates road 
expenditures. It is assumed that costs of courts, police, etc., are included in 
the residual measure of O&M expenditures. For the purposes of this analy- 
sis, Some adjustments are made to the data prior to use. Although some of 
these adjustments are no doubt arbitrary or naive, the nature of the infor- 
mation restricts choice to that between equally arbitrary alternatives. The 
adjustments made to the data are described below. ) 
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Data on total expenditures on roads are available for the period 1978 to 
1985. Information on total expenditures on transportation and commu- 
nications is available for the period 1978 to 1988. It is assumed that the 
road expenditures’ share of transportation and communications costs is 
constant over the period 1985 to 1988. The 1985 share (66.28 percent) 

is used to derive road expenditures for the period 1986 to 1988. O&M 
expenditures are derived by subtracting capital expenditures from total 
road expenditures. 


Haritos classified road maintenance costs as those that are attributable 
to users and those that are attributable to non-users. He determined that 
92 percent of maintenance costs are attributable to users. Non-users bear 
some of the snow ploughing and other road costs.° Following this proce- 
dure, the O&M expenditures derived residually are reduced by 8 percent. 
These adjusted O&M expenditures are added to capital expenditures to 
derive the adjusted total expenditures on roads.® 


The TC study divided capital expenditures into those associated with land 
or right-of-way, and other capital expenditures. Calculations from the TC 
study showed that, over the period 1970 to 1979, the share of expenditures 
on land accounted for an average of 3.76 percent of total capital expendi- 
tures. It is assumed that this share prevails over the period 1980 to 1988. In 
this manner, capital expenditures are divided between land costs and other. 


The TC study covered the period 1969 to 1979. Data obtained for this study 
commenced in 1978. The information for the two overlapping years is not 
included here; however, it can be used to check the integrity of the infor- 
mation used here. Some data on total expenditures on roads are also avail- 
able in a paper by Hicks.’ These are also utilized for checking purposes. 
Column 2 of Table 3 presents the data utilized in this analysis; column 3 

is taken from the paper by Hicks; and column 4 shows the ratio of column 2 
to column 3. 


Table 4 shows a comparison of the data used here with that used in the 
TC study.® If the information used by Hicks and Transport Canada is 
“the truth,” then the data utilized in this analysis are within 10 percent 
of “the truth.” | 


Table 3 


TOTAL EXPENDITURES ON ROADS 


(THOUSANDS OF CURRENT $) 


Table 4 
Roab EXPENDITURES 
(THOUSANDS OF CURRENT $) 


4,953,486 
5,312,560 
5,982,627 
6,658,200 
7,356,303 
6,955,382 
J, 203,09 Vo 


4,705,301 
5,043,199 
5,673,594 
6,229,165 
6,670,693 
6,650,257 
7,061,900 


| Capital Expenditures on Roads 


RCNPT TC Study © 
3,178,000 
3,222,000 


Road Operating and Maintenance Expenditures 


2,099,799 
Bd Wf ee 


2,119,727 
2,142,288 


4,953,486 
5,312,560 


5,152,000 
5,226,000 


0.89 
(0.98 


RCNPT/TC Study 


1.07 
1.07 


The calculation of depreciation for the years 1980 to 1988 requires knowl- 
edge of past nominal investments. Haritos used the straight line method 
of depreciation and assumed a road life of 20 years. This implies that the 
calculation of depreciation expenses in 1980 will require knowledge of 
the depreciation expenses from 1961 to 1980. For the period 1961 to 1968, 
real investment is derived from gross capital stocks.? This is converted to 


a nominal series using the Highway Construction Price Index.'° 


A nominal investment series for the period 1970 to 1979 is derived from 
the gross capital stocks reported in the TC study.'! For the year 1969, total 
investment is available; this, however, has to be broken down to exclude 
land. This is accomplished by applying the share of land in 1970 to total 
investment in 1969.'2 Depreciation expenses carried forward from the past 
can then be derived from the nominal investment series for the period 1961 
to 1979 by using a 20-year road life. In the inflation-adjusted analysis, this 
exercise is conducted at 1979 prices. 


The cash-flow analysis treats all costs as current costs and, in this case, 
total costs are merely the sum of capital and O&M costs. The book-value 
analysis forms gross capital stocks of land and other capital. This is nothing 
but the cumulative nominal investment in each type of capital. Following 
Haritos, roads are assumed to have a useful life of 20 years, and the straight 
line method of depreciation is used.'* Land is not depreciated. Subtracting 
the accumulated depreciation in any year from the gross capital stock in 
that year yields the net stock or the book value of the assets. Following 
Haritos, the cost of capital’ is obtained by multiplying the net stock by the 
prime lending rate.'4 Total cost is the sum of O&M expenditures, deprecia- | 
tion and the cost of capital. 


The inflation-adjusted analysis follows the same method as the book-value 
analysis. The difference lies in the fact that all expenditures are deflated to 
remove the effects of inflation.'° The expenditures on land and O&M are 
deflated using the implicit Gross Domestic Product (GDP) deflator.'® Other 
capital expenditures are deflated using the Highway Construction Price 
Index.'” Following the TC study, a six percent cost of capital is used in 

the inflation-adjusted analysis. 


The inflation-adjusted analysis is also presented in “current” terms. This 
amounts to a revaluation of the constant dollar magnitudes in current-year 
dollars. The gross and net capital stocks, the stock of land, and depreciation 
expenses derived in the inflation-adjusted analysis (at 1979 prices) are 
inflated to current-year dollars using the price deflators described above. 
The cost of capital is assumed to be 6 percent of the inflated net stock. Total 
annual costs are derived as the sum of depreciation, the cost of capital and 
O&M expenditures. 


RESULTS 


The results are presented in the tables below. Table 5A presents the 
cash-flow analysis in current and 1979 dollars. The book-value analysis is 
presented in Table 5B. Table 5C presents the inflation-adjusted analysis in 
1979 dollars. These results are then inflated and presented in Table 5D. 


The real annual total costs of road infrastructure (1979 dollars) in 1988 were 
about $166 million lower compared to 1980. Though the stock of right-of- 
way or land has been increasing, the real book-value of other capital in 
1988 was approximately $15 million lower than that in 1980. In real terms, 
there was a deterioration in road infrastructure in Canada over the period 
1980 to 1988. 


Table 5A 
ROAD INFRASTRUCTURE: CASH-FLOW ANALYSIS 


Annual Expenditures 


Millions of Millions of 
current $ 1979 constant $ 


at [es [tour | oa [ cnt [so] 


Table 5B a IGS 
ROAD INFRASTRUCTURE: BOOK: VALUE ANALYSIS 
(MILLIONS OF CURRENT $) 


Capital stock Annual costs 


Depre- Cost of 
Land ciation capital 
39,627 22,209 


43,252 24,058 . 
47,216 26,074 
DVO 200g 
55,009 29,489 
59,914 31,931 
64,734 34,099 
69,667 36,182 
74,827 Sacre 


Table 5C 
ROAD INFRASTRUCTURE: INFLATION-ADJUSTED ANALYSIS 
(MILLIONS OF 1979 CONSTANT $) 


Depre- Cost of Total 
Land ciation capital costs 


90,414 33,962 
S Redes Pa lh) 33,806 
937936 33,122 
98,612 33,461 
ilo hins3,078 
104,276 33,214 
107,407 33,360 
LORS 33,646 
114,086 33,947 


Table 5D | 
Rab INFRASTUCTURE: INFLATION-ADJUSTED ANALYSIS 
(MILLIONS OF CURRENT $) 


Depre- Cost of Total 
Land ciation capital costs 


1025329 38,437 8,005 
124,956 45,366 9,447 
134,792 47,381 10,162 
143,713 48,764 10,110 
153,694 50,248 10.728 
164,980 52,550 10,832 
1655322 51,348 10,525 
165,210 50,207 10,450 


174,531 61,933 10,863 


The following addendum to this analysis examines the effects of changes in 
pavement life on capital stock and road costs. The issue of the appropriate 
rate of depreciation is particularly contentious in the case of roads and high- 
ways. This is because decay depends not only on the initial thickness of the 
road and on the amount and type of vehicular traffic, but also on climatic 
conditions. ; 


ADDENDUM: SENSITIVITY OF ROAD COSTS TO PAVEMENT LIFE 


Methodology and Results 


This addendum includes an examination of the impact on road costs of 

a change in the rate and method of depreciation. Tables 5A through 5D used 
the 1979 capital stock benchmarks from the TC study. Roads were assumed 
to have a life of 20 years and the straight line method of depreciation was 
used. In this addendum, the following version of the perpetual inventory 
method'® is used to construct capital stocks for the period 1956 to 1988: 


Kit = lig + (1 - 5,) Kite 


where /; is nominal investment in year t for capital category /; Kj; is the 
capital stock in year t for capital category /; and 6; is the depreciation rate 
for capital category /. The depreciation expense in year tis then Kjz.1*96j;. 
The derivation of the investment series and investment in land was 


discussed earlier.'? The 1955 benchmark capital stock reported in the work 
by Haritos?° is used. The capital stocks are first constructed at 1968 prices 
and later converted to 1979 prices. 


Net capital stocks are constructed for varying road lives. These are 20 years, 
25 years, 27 years, 30 years, 33.3 years and 45 years.?' A life of approximately 
12.4 years (depreciation rate 8.0679 percent) is also used. The present 
discounted value2? (PDV) of the depreciation stream generated by a dollar’s 
worth of investment depreciated (exponential decay) at this rate is identical 
to the PDV of the depreciation stream generated by a dollar’s worth of 
investment, assuming a life of 20 years, using the straight line method 

of depreciation. 


The results of the inflation-adjusted analysis2? are reported in Tables S-1 to 
S-6. Table S-1 shows that unlike total cost, the net capital stock is quite 
sensitive to both the rate and method of depreciation. All results reported 
under the column heading of (SL 20) are reproduced from Table 5C in the 
main text. Table S-2 shows that the real total cost of road infrastructure has 
increased by approximately $250 million over the period 1980 to 1988. The 
net capital stock no longer shows the deterioration encountered earlier. 


One should not expect any changes in the gross capital stock and the stock 
of land. Unfortunately, changes do occur because investment data are 
derived from tables of two different studies. It is clear that there have been 
some changes in methodology between the work of Haritos and the TC 
study.24 Unless pre-1955 data are collected, such biases ‘cannot be removed. 
Another source of bias in these results is the use of the 1955 benchmark. 
Prior to 1955, the straight line method of depreciation was used by Haritos, 
and the road life was assumed to be 20 years. The sensitivity exercise 
changes these assumptions in 1956. 


Clearly, the results of this study, due to their dependence on earlier work, 
are constrained by the assumptions of that work. The availability of a 
consistent historical investment series would help produce a clearer 
picture of the stock of road infrastructure in Canada. 


Table S-1 
1988 Ratios with RESPECT TO THE BASE CASE OF 20 YEARS 


peraeetn Aes a 


Ratio of road life 

Ratio of net capital stock 

Ratio of depreciation expenditure 
Ratio of cost of capital 

Ratio of total cost 


Note: * not comparable 


Table S-2 

ROAD INFRASTUCTURE: INFLATION-ADJUSTED ANALYSIS (20-YEAR LIFE) 
METHOD OF DEPRECIATION: EXPONENTIAL DECAY 

(MILLIONS OF 1979 CONSTANT $) 


Capital stock Annual costs 


Depre- | Cost of Total 
Land ciation capital costs 


73,296 41,028 
75,997 41,678 
78,818 42,415 
81,494 42,970 
84,057 43,385 
87,157 44,316 
90,289 45,231 
93,595 46,276 
96,968 47,335 


Table S-3 


ROAD INFRASTUCTURE: INFLATION-ADJUSTED ANALYSIS 


(MILLIONS OF 1979 CONSTANT $) 


33,962 
33,806 
S3,1e2 
33,461 
33,078 
33,214 
33,360 
33,646 
33,947 


Net Capital Stock for Varying Asset Lives 


bed Maia Mh Bol Boo rd nce meee ale 


31,639 
Sy 708 
32,044 
32,190 
32,105 
32,040 
33, 15 
33,749 
34,400 


41,028 
41,678 
42,415 
42,970 
43,385 
44,316 
45,231 


46,276 


47,335 


45,029 
45,929 
46,913 
47,712 
48,367 
49,533 
50,683 
51,961 
537256 


46,326 
47,312 
48,381 
49,265 
50,003 
517252 
52,485 
53,847 
50/226 


48,027 
49,127 
50,311 
51,310 
52,162 
53,524 
54,871 
56,348 
57,843 


49,636 
50,849 
52,144 
53,256 
54,221 
55,695 
577155 
58,746 
60,357 


53,709 
Del 
56,811 
58,224 
59,494 
O1,2/2 
63,041 
64,946 
66,876 


Note: Growth rate is the average annual compound rate over the period 1980-1988. 


Table S-4 


ROAD INFRASTUCTURE: INFLATION-ADJUSTED ANALYSIS 


(MILLIONS OF 1979 CONSTANT $) 


Comms 


Depreciation Expenditures for Varying Asset Lives 


ee oe eee 


Table S-5 
Rob INFRASTUCTURE: INFLATION-ADJUSTED ANALYSIS 


(MILLIONS OF 1979 CONSTANT $) 


Cost of Capital for Varying Asset Lives 
vow [iaao [vee | wo [wm [om | oo [asa | ve 


Table S-6 
ROAD INFRASTUCTURE: INFLATION-ADJUSTED ANALYSIS 


(MILLIONS OF 1979 coNsTANT $) 


Total Cost for Varying Asset Lives 


jscm [ca [ om | om | 


Table $-7 
DaTA TABLE 
(MILLIONS IN 1968 $) 


Real Investment and Deflators 


Capital 
deflator 


Land 
deflator 


III. Rai Costs AND REVENUES, 1982-1987 
BACKGROUND AND PURPOSE 


The purpose of this section is to update the estimates of rail costs and 
revenues computed in the TC study. The TC study updated the Haritos 
study done at the CTC.*° The methodology of these studies, as mentioned 
earlier, was to look at rail costs on a cash-flow, book-value and an 
inflation-adjusted basis. 4 


Canadian railways are under a statutory obligation to submit annual reports 
to the National Transportation Agency (NTA), copies of which are also 
submitted to the Chief Statistician. The non-confidential information is 
published by Statistics Canada. The TC study, and that preceding it, relied 
on the annual reports for their data. 


In 1981, changes in the Uniform Classification of Accounts caused data 
consistency problems for the early 1980s. Prior to 1982, Statistics Canada 
did not publish railway property accounts.2© Along with the accounting 
changes, the data in this study, which are more aggregative in nature, 
may make it difficult to draw comparisons with earlier work. The basic 
methodology employed here, however, is taken from the TC study. 


DATA AND METHODOLOGY 


Data on rail revenues and expenditures were obtained from Statistics 
Canada publications.2” Revenues include all rail revenues except govern- 
ment payments. O&M expenditures are derived by deducting depreciation 
expenses and taxes other than income taxes from total rail expenses.28 
Investment expenditures are classified into those on Land, Way and 
Structure (W&S) and Machinery and Equipment (M&E). These were 
obtained from the property accounts.?9 


This information is sufficient to derive the results of the cash-flow analysis 
in current dollars. The cash-flow analysis treats all costs as current costs; 
therefore, total costs are merely the sum of taxes other than income tax, 
capital costs and O&M costs. A revenue-to-expense ratio is easily derived. 
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The constant dollar version of the cash-flow analysis requires adjustment 
for inflation. Government payments, revenues, taxes other than income tax, 
O&M expenditures and expenditures on land are deflated by using the 
implicit GDP deflator.2° Expenditures on way and structures are deflated 

by the implicit price index for total railway construction. Expenditures on 
machinery and equipment are deflated by the price index for capital expen- 
diture on machinery and equipment by the railway transport industry.°! 


The book-value analysis necessitates the construction of capital stock 
series. This requires an investment series, a capital stock benchmark and 
knowledge of the decay rate of the assets. The 1982 net book values of 
W&S capital and M&E capital are used as the respective capital stock 
benchmarks for that year.?2 The 1982 end-of-year balance of land is used 
as the benchmark capital stock for land.°° The depreciation rates used are 
3 percent (exponential decay) for W&S capital and 6 percent (exponential 
decay) for M&E capital.?4 To construct capital stocks for the period 1983 
to 1987, the same version of the perpetual inventory method is used here 
as in the addendum to Section II: 


Kit = lit + (1 - 0) Kitt 


where /j+ is nominal investment in year t for capital category J; Kj is the capi- 
tal stock in year t for capital category /; and 6; is the depreciation rate for 
capital category /. The depreciation expense in year t is Kjz.4*6;. Following 
the TC study, the cost of capital is obtained by multiplying the net capital 
stock by the prime lending rate.*° Total cost is the sum of O&M expenditures, 
depreciation, the cost of capital and taxes. 


The inflation-adjusted analysis follows the same method as the book-value 
analysis. The difference lies in the fact that all expenditures are deflated to 
remove the effects of inflation. The ratio of inflation-adjusted to book-value 
net capital stock is calculated from the TC study for the year 1979 for each 
type of capital. The same ratio is assumed to prevail in the year 1982. 
This ratio is then applied to the 1982 benchmark capital stocks used in 

the book-value analysis to derive those for the inflation-adjusted analysis. 
Following the TC study, a 6 percent cost of capital is used in the inflation- 
adjusted analysis. 


, | 


The inflation-adjusted analysis is also presented in “current” terms. This 
amounts to a revaluation of the constant dollar magnitudes in current-year 
dollars. The net capital stocks, depreciation expenses,?’ taxes, O&M 
expenses and revenues derived in the inflation-adjusted analysis (at 1982 
prices) are inflated to current-year dollars, using the price deflators 
described above. The cost of capital is assumed to be 6 percent of the 
inflated net stock. 


RESULTS 


The results are presented below in Tables 6 to 10. Each table presents 
results for VIA Rail, Class | railways (CN, CP and VIA), Class II/III railways 
and all Canadian railways (sum of Class | and Class II/III). Government 
payments, which comprise maritime freight, eastern grain and flour, branch- 
line, intercity passenger, commuter service and other payments, are not 
included in the calculation of the revenue-to-expense ratio. 


Table 7 shows that in real terms there has been a decline of $315 million in 
government payments to Canadian railways as a whole; with CN and CP 
accounting for over $300 million. This sharp drop is almost entirely due to 
the drop in branch-line payments to the railways since 1984. In 1987, Class | 
railways were able to cover all their costs without relying on government 
payments. Compared to 1982, VIA’s cost recovery is unchanged in 1987. 
Canadian railways as a whole, however, increased their revenue-to-expense 
ratio from 0.79 to 0.96. Not only have revenues increased over this six-year 
period by $577 million, but O&M expenditures have declined by about 

$350 million. 


Table 9 shows that, in real terms, the net total capital stock of Canadian 
railways has increased by more than $2 billion over the period 1982 to 
1987. Most of this increase is accounted for by way-and-structures capi- 
tal. The M&E stock of VIA registers a decline of about $25 million. The 
revenue-to-expense ratio has increased from 0.85 in 1983 to 0.91 in 1987 
for Canadian railways. 


Table 6 
Rait CasH-FLow ANaLysis (CURRENT $) 


VIA Rai: CasH-FLow ANALYSIS 
(MILLIONS OF CURRENT $) 


Annual Expenditures 


Total Revenue/ 
expend- | Annual | expense 
Land Taxes itures |revenues| ratio 


12 


Cass | RaiLways: CASH-FLOW ANALYSIS 
(MILLIONS OF CURRENT $) 


Annual Expenditures 
Year 


| Total 
Land Taxes 


Revenue/ 
expense 
ratio 


Annual 
revenues 


expend- 
itures 


Table 6 (cont'd) 
Rait CAsH-FLow ANALysis (CurRENT $) 


Ciass II/Ill Raiways: CasH-FLOW ANALYSIS 
(MILLIONS OF CURRENT §) 


Annual Expenditures - 
Total Revenue/ 


expend- | Annual | expense 
itures |revenues| ratio 


CANADIAN RaiLways: CASH-FLOW ANALYSIS 
(MILLIONS OF CURRENT $} 


Annual Expenditures 
Total Revenue/ 
expend- | Annual | expense 
Year Land Taxes itures |revenues| ratio 


9 


Notes: Following the TC study, the revenue/expense ratio is calculated here. There is no 
presumption as to what its value should be, especially in the case of the cash-flow 


analysis. 


As mentioned in endnote 29, capital expenditures for 1987 are not comparable to 


those in previous years. 


Table 7 
Rai. Casu-FLow Analysis (Constant $) 


VIA Ral: CasH-FLow ANALYSIS 
(MILLIONS OF 1979 CONSTANT $) 


; Annual Expenditures 


Total: Revenue/ 
expend- | Annual | expense 
itures |revenues| ratio 


Cass | RAILWAYS: CASH-FLOW ANALYSIS 
(MILLIONS OF 1979 CONSTANT $} 


Annual Expenditures 
Revenue/ 
Annual | expense 
Year Land Taxes revenues| ratio 


Table 7 (cont’d) 
Rait CAsH-FLow ANALysis (Constant $) 


Crass II/IIl Raiways: CasH-FLow ANALYSIS 
(MILLIONS OF 1979 CONSTANT $) 


Annual Expenditures 


Total Revenue/ 
expend- | Annual | expense 
Taxes itures |revenues| ratio 
39 29 


CANADIAN RAILWAYS: CASH-FLOW ANALYSIS 
(MILLIONS OF 1979 CONSTANT $} 


Annual Expenditures 


Total Revenue/ 
expend- | Annual | expense 
Year Land Taxes itures |revenues| ratio 


Table 8 
Rait: Boox-VaLue ANALysis (CURRENT $) 


VIA Rail: Book-VALUE ANALYSIS 
(MILLIONS OF CURRENT $} 


capital Depre- Cost of Total 
— stock ciation capital Taxes costs 


Ciass | RaLways: Book: VALUE ANALYsiS 
(MILLIONS OF CURRENT $} 


Net Net Net Annual 
W&S M&E capital Depre- Cost of Total | reve- 
stock stock = stock ciation capital Taxes costs | nues 


Table 8 (cont'd) 
Rait: Book-VaLuE ANALYSIS (CURRENT $) 


Crass Il/Ill RaiLways: Book-VALUE ANALYSIS 
(MILLIONS OF CURRENT $) 


Net Net Net Annual 
W&S M&E_ capital Land Depre- Cost of reve- 
stock stock stock . stock | O&M _ ciation capital Taxes nues 


CANADIAN RAILWAYS: BOOK-VALUE ANALYSIS 
(MILLIONS OF CURRENT $} 


Net Net Net Annual 
W&S M&E capital Depre- Cost of Total | reve- 
stock steck stock O&M ciation capital Taxes costs | nues 


Ds) 12,188. 7,206 
5,616 2,324 7,940 
6,580 2,440 9,019 
Zeer (2,F37> 9,974 
7,744 2,815 10,559 
8,445 2,698 11,143 


Table 9 
Ral: INFLATION-AbJUSTED ANALYSIS (ConsTANT $) 


VIA Ral: INFLATION-ADJUSTED ANALYSIS 
(MILLIONS OF 1979 CONSTANT $) 


Annual 


Capital Depre- Cost of Total | reve- 
stock ciation capital Taxes costs | nues 


Cass | RAILWAYS: INFLATION-ADJUSTED ANALYSIS 
(MILLIONS OF 1979 CONSTANT $} 


Net Net Net Annual 
W&S M&E capital . Depre- Cost of Total | reve- 
stock stock stock ciation capital Taxes costs | nues 


Table 9 (cont‘d) 
Rall: INFLATION-AbJUSTED ANALYSIS (CONSTANT $) 


Cass II/IIl RAILWAYS: INFLATION-ADJUSTED ANALYSIS 
(MILLIONS OF 1979 CONSTANT $} 


Net Net Net Annual 
W&S  M&E capital Land Depre- Cost of Total | reve- 
stock stock stock stock | O&M _ ciation capital Taxes costs | nues 


CANADIAN RAILWAYS: INFLATION-ADJUSTED ANALYSIS 


(MILLIONS OF 1979 CONSTANT $} 


Net Net . Annual 
M&E capital Depre- Cost of Total | reve- 
stock stock O&M _ ciation capital Taxes costs | nues 


Table 10 
Rai: INFLATION-AbJusTED ANALYsIs (CURRENT $) 


VIA Rall: INFLATION-ADJUSTED ANALYSIS 
(THOUSANDS OF CURRENT $) 


Net Net Net 
W&S M&E capital Depre- Cost of Total 
stock stock stock O&M ciation capital Taxes costs 


Cass | RAILWAYS: INFLATION-ADJUSTED ANALYSIS 
(THOUSANDS OF CURRENT $) 


Net Net Net Annual 
W&S M@&E capital Depre- Cost of Total | reve- 
stock stock stock O&M ciation capital Taxes costs | nues 


8,577 
9,344 
10,023 
11,085 
11,670 
11,794 


Table 10 (cont'd) 
Rai: INFLATION-AbJUSTED ANALYSIS (CURRENT $) 


Crass II/IIl RAILWAYS: INFLATION-ADJUSTED ANALYSIS 
(THOUSANDS OF CURRENT $} 


Net Net Net Annual 
W&S MA&ecE . capital *  Depre- Cost of Total | reve- 
stock stock stock O&M ciation capital Taxes costs | nues 


CANADIAN RAILWAYS: INFLATION-AbJUSTED ANALYSIS 
(THOUSANDS OF CURRENT $) 


Net Net Net Annual 
W&S M&E capital Depre- Cost of Total | reve- 
stock stock stock O&M _ ciation capital Taxes costs | nues 


6,936 9,879 
7,574 10,740 
8,695 11,943 
9,670 13,085 
10,326 13,733 
11,022 14,274 


IV. Civic Aviation Costs in CANADA, 1980-1988 
BACKGROUND AND PURPOSE 


This section updates the estimates of civil aviation costs computed in the 
TC study. The data and methodology used in the TC study are based on earlier 
work done at the CTC.*® Both studies used detailed information to arrive at 
their results but, unfortunately, similar data are no longer available. This 
work utilizes aggregative information from alternative sources. The results 
are therefore not strictly comparable to those of the TC or earlier studies. 


DATA AND METHODOLOGY 


Data on civil aviation expenditures are available in the Public Accounts, the 
Estimates and from Statistics Canada. Consolidated Government Expendi- 
ture on the air mode is taken to represent the total expenditure on civil 
aviation.29 Some adjustments are made to this series prior to use.*° Data on 
total expenditures on the air mode are available for the period 1978 to 1985. 
Those on total expenditures on transportation and communications are 
available for the period 1978 to 1988. It is assumed that the air mode’s 
share of expenditures on transportation and communications is constant 
over the period 1985 to 1988. The 1985 share (10.25 percent) is used to 
derive total expenditures on civil aviation for the period 1986 to 1988. 


Federal government expenditures on civil aviation are reported on an 
annual basis in the Public Accounts and the Estimates. These are reported 
as being spent by Transport Canada. The Estimates show not only estimated 
expenditures, but also report actual expenditures with a two-year lag. 
Capital and O&M expenditure“! data are obtained from the Estimates.* 


The information in the Estimates is not entirely consistent over the sample 
period because of organizational and other changes in Transport Canada. In 
general, the data represent expenditures on revolving fund airports, federally 
dependent and other airports, aviation and navigation, and regulation and 
administration. These classifications, however, change over the sample. It 
should also be mentioned that the costs of regulation by the CTC/NTA are 
not included in this study, nor are those of the Aviation Safety Board and 
the Civil Aviation Tribunal.*9 


Mn 


Two alternative sets of information are used here. Total expenditures are 
available from Statistics Canada, and capital expenditures are available 
from the Estimates. O&M expenditures can then be derived as a residual. 
Alternatively, both capital and O&M expenditures as reported in the Estimates 
can be used. Total expenditures are simply the sum of these two categories. 
One would expect the total expenditures reported by Statistics Canada to 
exceed those reported in the Estimates because the former are expendi- 
tures by all three levels of government, whereas the latter are merely 
federal government expenditures. This, however, is not the case since 
Statistics Canada re-classifies the data reported in the Estimates and the 
Public Accounts into transportation and non-transportation expenditures. 
Table 11 shows the difference in the data from the two sources. 


Table 11 
ANNUAL EXPENDITURES ON AIR INFRASTRUCTURE 
Ratio OF DATA FROM THE ESTIMATES TO StarisTics CANADA DATA 


As already noted, the TC study covers the period 1969 to 1979. Data obtained 
for the air mode commence in 1978. Although the information for the 

two overlapping years is not incorporated in this study, it can be used to 
check the integrity of the information used here. 


Table 12 shows data obtained from the Estimates and from Statistics Canada 
(SC) and compares both sources to the information reported in the TC study 
(TC). A ratio of data from each source to that reported in the TC study” is 

~ also reported. 


Table 12 
Air INFRASTRUCTURE: EXPENDITURES 
(THOUSANDS OF CURRENT $) 


Total Expenditures on Air Infrastructure 


1978 725,471 601,836 651,000 Pe 0.92 
1379 733,803 581,165 603,000 N22 : 


Air Infrastructure Operating and Maintenance Expenditures 


1978 570,704 447,069 490,000 LAG 0.91 
tore 648,525 495,887 515,000 1.26 : 


Air Infrastructure Capital Expenditures : 


1978 154,767 161,000 0.96 
1979 85,278 88,000 0:97 


To recapitulate, capital expenditure data are taken from the Estimates. 
O&M expenditure data are available from two sources, the Estimates and 
Statistics Canada. Hence, this study provides one estimate of capital stock 
and two estimates of the total costs of civil aviation services provided from 
the public purse. 


The TC study classifies capital expenditures into that on land and that on 
other capital. The data available for the current study do not permit this 
classification. It is assumed that there is no investment in land over the 
period 1980 to 1988. This assumption may not be entirely unrealistic since 
the TC study shows that the stock of land is constant over the period 1976 
to 1979.4> 


The results of the cash-flow analysis are presented below in Tables 13A and 
13B. The former uses Statistics Canada data and the latter uses data from 
the Estimates. Both current and constant dollar magnitudes are presented. 
Capital expenditures are deflated using an investment price deflator for air 
transport.4° O&M expenditures are deflated using the implicit GDP deflator.*” 
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Table 13A 
Air INFRASTRUCTURE: CASH-FLOW ANALYSIS 
ANNUAL EXPENDITURES — STATISTICS CANADA DATA 


(millions of current $) 


(millions of 1979 constant $) 


Table 13B 
Air INFRASTRUCTURE: CASH-FLOW ANALYSIS 
ANNUAL EXPENDITURES — THE ESTIMATES DATA 


(millions of current $) (millions of 1979 constant $) 
foam [eit [re [on [a [to 


mo 761 
155 828 


143 834 
205 895 
653 

361 979 
352 978 
351 946 


The cash-flow analysis treats all costs as current costs. Total costs are the 
sum of capital and O&M costs. The book-value analysis requires the con- 
struction of a gross capital stock series. This is nothing but cumulative 
nominal investment. Subtracting the accumulated depreciation in any year — 
from the gross capital stock in that year yields the net stock or the book 
value of the assets. 


- The TC study used the straight line method of depreciation. Calculation of 
depreciation for the years 1980 to 1988 requires knowledge of depreciation 
rates and of past nominal investments. The TC study derived its capital 
stocks from highly disaggregated information on investment and deprecia- 
tion. This paper utilizes a single investment series. Implied in the TC study 
was some composite depreciation rate for aggregate investment. Since it is 
not possible to infer the composite decay rate, alternative measures have to 
be employed. Transport Canada provided estimates of composite deprecia- 
tion rates for airports (4.5 percent) and aviation (6.7 percent). This analysis 
uses an average of the two rates (5.6 percent) as the decay rate for civil 
aviation capital. The implied asset life is approximately 18 years. Deprecia- 
tion expenses in 1980 will therefore depend on investments made in the 
18 years prior to 1980. 


Nominal total investment for the period 1954 to 1968 is available from the 
CTC study on air infrastructure.*® Investment for the period 1969 to 1979 is 
reported in the TC study.*9 Calculation of depreciation also requires knowl- 
edge of investment in land, since land is not depreciated. Real investment in 
land (in 1968 dollars) for the period 1955 to 1968 is calculated by taking first 
differences of the stock of land reported in the CTC study.°° The implicit 
GNE deflator is used to convert real investment to nominal investment.>! 
Nominal investment in land for the period 1970 to 1979 is derived in a 
similar manner since the TC study reports the nominal stock of land for 

the period 1969 to 1979.2 This leaves the year 1969. It is assumed that 

the 1970 share of land in total investment (about 42 percent) prevailed 

in the previous year. 


Investment in “other” capital is derived by subtracting the nominal invest- 
ment in land from nominal total investment. A depreciation rate of 5.6 per- 
cent is used.°? The depreciation expense in 1980 includes depreciation over 
the period 1963 to 1980. Since the composite depreciation rate of the TC study 
may differ from the one used here, there is an inherent bias in our results. 


Following the TC study, the cost of capital is obtained by multiplying the net 
stock by the prime lending rate.°* Total cost is the sum of O&M expenditures, 
depreciation and the cost of capital. 


The inflation-adjusted analysis follows the same method as the book-value 
analysis. The difference lies in the fact that all expenditures are deflated to 
remove the effects of inflation. As mentioned earlier, O&M expenditure is 
deflated using the implicit GDP deflator, and capital expenditure is deflated 
using the investment price deflator for air transport. Following the TC study, 
a 6 percent cost of capital is used in the inflation-adjusted analysis. 


The inflation-adjusted analysis is also presented in “current” terms. This 
amounts to a revaluation of the constant dollar magnitudes in current year 
dollars. The gross and net capital stocks and depreciation expense derived 
in the inflation-adjusted analysis (at 1979 prices) are inflated to current-year 
dollars, using the price deflators described above. The cost of capital is 
assumed to be 6 percent of the inflated net stock. Total annual cost is the 
sum of depreciation, the cost of capital and O&M expenditures. 


RESULTS 


The results of the cash-flow analysis were presented earlier in Tables 13A 
and 13B. It is clear that irrespective of the data source, real expenditures on 
civil aviation have increased in Canada over the period 1980 to 1988. The 
Statistics Canada data show a somewhat larger increase in total costs. Real 
capital expenditure has nearly doubled in the nine-year period. According 
to the Statistics Canada data, real O&M expenditures are higher by about 
$50 million in 1988 compared to 1980. The data from the Estimates, 
however, register a decline of about $40 million. 


The results of the book-value analysis are shown in Table 14. The nominal 
stock of capital has more than doubled over the period 1980 to 1988. Irre- 
spective of the data source, the total annual costs in 1988 are found to 
exceed those in 1980 by over $500 million. The Statistics Canada data 
register a higher increase. 


In a recent discussion paper,°°> Transport Canada reported the net book 
value of civil aviation infrastructure as being $2,278 million in 1987-88. 

It is interesting to note that this paper found the net capital stock to be 

$2,289 million for the same year. 


Tables 15A and 15B present the results of the inflation-adjusted analysis. 
Table 15A shows that, in real terms, the net stock of capital has increased 
by about $830 million over the sample. The real total costs in 1988 exceed 
those in 1980 by about $75 million. The Statistics Canada data, however, 
show an increase that is more than twice that shown by the data from 

the Estimates. 


Table 14 
Alp INFRASTRUCTURE: BOOK: VALUE ANALYSIS 
(MILLIONS OF CURRENT $) 


Capital Stock Annual Costs 


Total 
Depre- | cost of 
ciation | capital 


Table 15A 
Alp INFRASTRUCTURE: INFLATION-ADJUSTED ANALYSIS 
(MILLIONS OF 1979 CONSTANT $) 


Capital Stock Annual Costs 


Total 
Depre- | cost of 
ciation | capital 


Table 15B 
Alp INFRASTRUCTURE: INFLATION-ADJUSTED ANALYSIS 
(MILLIONS OF CURRENT $} 


Total 
cost of 
ciation | capital 


APPENDIX 1 
DATA SOURCES FOR ROAD COSTS IN CANADA 


1) Transport Canada, Annual Report of the Interdepartmental Highway 
Committee, Vol. 1. 1987-88. IHC Secretariat, Highway Branch, Transport 
Canada. This report provides federal highway expenditures for the period 
1975-76 to 1987-88. 


2) Council of Ministers Responsible for Transportation and Highway Policy, 
National Highway Policy Study For Canada — Steering Committee Report 
on Phase 2. National Highway Policy Steering Committee. (November.1989). 
Appendix C of this report provides data on national highway system 
revenues and expenditures by federal and provincial governments for the 
period 1983-84 to 1987-88. 


3) Transport Canada reports: 


a) Government Expenditures on Transportation by Province 1985/86- 
1988/89. Transport Canada (TP 7064-E). March 1990. 

b) Government Expenditures on Transportation by Province 1983/84- 
1986/87. Transport Canada (TP 7064). March 1988. 

c) Government Expenditures on Transportation by Province 1981/82- 
1984/85. Transport Canada (TP 7064). 1985. 

d) Federal and Provincial Government Transportation Expenditures by 
Province 1974/75-1981/82. Transport Canada (TP 2726). November 1982. 


These reports provide federal and provincial expenditures on all the 
modes of transportation. 


4) The Roads and Transportation Association of Canada also collects data 
on highway expenditures; however, it cannot provide data from the 
mid-1970s on. 


5) “National and Provincial Economic Impact of National Highway Policy — 
Final Report.” Prepared for Roads and Transportation Association of 
Canada by Informetrica Ltd., November 1989. (Mimeographed). This 
report contains data on investment in highways by level of government 
in 1989 dollars for the period 1961 to 1987. 
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6) Statistics Canada has published the following Service Bulletins: 


a) Catalogue No. 53-006, July 1984, 13, No. 3. 

b) Catalogue No. 53-002, February 1986, 2, No. 3. 
c) Catalogue No. 53-002, January 1987, 3, No. 2. 
d) Catalogue No. 53-002, November 1987, 3, No. 5. 


These Service Bulletins contain data on federal and provincial expen- 
ditures on roads for some years between 1981-82 and 1985-86. Haritos 
had drawn the majority of his data from a Statistics Canada publication: 
Road and Street Length and Financing (Catalogue No. 53-201). The last 
year for which data are available from this source is 1976. The survey 
was then cancelled and nothing has replaced it. 


APPENDIX 2 


DATA TABLES 


Table A-2.1 
(MILLIONS OF 1968 $) 


Gross 
Capital Real Nominal 
stock investment Deflator investment 


4,398 
4,672 
5,008 
5,322 
5,727 
6,256 
6,889 
7,566 
8,308 
9,180 
10,180 
11,167 
WZ 122 
12/977, 


Notes: 1) Column 2, Gross capital stock is reproduced from Haritos (1973), Table Il-1, p. 148. 


2) The deflator in column 4 is the Highway Construction Price Index, Base 1971. 


Table A-2.2 
(MILLIONS OF CURRENT $) 


Gross Total 
capital Nominal Stock of Investment capital 
stock investment land in land expenditure 


14,603 
15/732 
T7395 
18,757 
20,547 
22,742 
20,129 
27,508 
30,144 
33,196 
36,295 


Notes: 1) Column 2, Gross capital stock and column 4, Stock of land are reproduced from 
Transport Costs and Revenues in Canada (1982), Table 4.3, p. 33. 


2) The last column is reproduced from Transport Costs and Revenues in Canada 
(1982), Table 4.1, p. 30. 


Table A-2.3 


| Implicit GDP 
Construction Price Index deflator 


Prime 
Spliced lending 
Year Base 71 Base 81 Base 79 Base 81 Base 79 


rate 


Notes: 1) Column 2 shows the “Old” Highway Construction Price Index, Base 1971. 


2) Column 3 shows the “New” Highway Construction Price Index, Base 1981. 


3) Column 4 shows the Spliced Index, Base 1979. 


APPENDIX 3 
DATA 
Total revenue is the total operating revenue (rail) 
O&M Heeb ee is derived as follows: 
Total Rail Expenses 
Less: 
Track and roadway depreciation 
Buildings depreciation 
Signals, communications and power depreciation 
Special W&S depreciation | 
Locomotives depreciation 
Freight cars depreciation 
Passenger cars depreciation 
Intermodal equipment depreciation 
Work equipment and roadway machines depreciation 
Other equipment depreciation 
Special equipment depreciation 


Taxes, other than income 


Way and structures capital comprises the following: 
Track and roadway 
Buildings and related machinery and equipment 
Signals, communications and power 
Terminals and fuel stations 

Machinery and equipment capital comprises the following: 
Rolling stock-revenue services | 
Intermodal equipment 


Work equipment and roadway machines 


Other equipment 


W&S M&E Capital GDP Prime 
deflator deflator deflator deflator rate 


Table A-3.1 


APPENDIX 4 


DATA TABLES 


Table A-4.1 
DEFLATORS 


Implicit 
GDP © Capital 
deflator deflator 


Table A-4.2 
DATA USED IN CALCULATING PAST DEPRECIATION 
(MILLIONS OF $) 
Total Investment Investment Implicit 


investment in land . inland GNE Capital 
current $ 1968 $ current $ deflator deflator 
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ROAD COSTS 


Fred P. Nix, Michel Boucher* and Bruce Hutchinson** 
November 1991 


SUMMARY 


This report describes a preliminary costing study for federal, provincial and 
territorial roads. It is “preliminary,” as more work is required to firm up the 
data needed for costing purposes: vehicle populations, vehicle characteristics, 
road costs in individual provinces, etc. Further, where allocation techniques | 
are used, they are, for the most part, borrowed from other studies. No 
attempt is made to relate the estimated costs to road prices or taxes. 


The first step was to assemble information developed by the Transportation 
Association of Canada (TAC) on road lengths and annual costs. This was 
then substantially modified both to correct errors and to produce a cost pro- 
file of Canadian roads satisfying an analysis of optimal pavement strength. 
The third step was to develop a profile of vehicles and traffic conditions. 
More research is required in this area before a precise calculation of road 
costs is possible. The final step was to calculate road costs. 


Road costs were calculated in two ways. First, the methodologies used in 
studies in the United States, the United Kingdom and Australia were modi- _ 
fied to the extent possible and married to the Canadian data. Further, an 
exploratory Canadian procedure was developed (although not fully tested). 


* Ecole nationale d’administration publique, Université du Québec, Sainte Foy, Quebec. 
** Faculty of Engineering, Department of Civil Engineering, University of Waterloo. 
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The results of these allocations are interesting, but not robust enough to 
base strong conclusions about the appropriate allocation of costs in Canada. 
Second, an attempt was made to estimate a cost function and develop 
marginal pavement costs for a standard axle load. (Other aspects of the 
marginal cost of road use were not investigated.) This attempt uses typical 
construction costs in Southern Ontario and a model of pavement performance 
also based on Ontario roads. It is difficult to extend the analysis to other 
provinces in the absence of appropriate models of pavement deterioration. 


A summary of some of the estimates is contained in the table. Only two vehicle 
classes are shown: the car, and the large truck where “large” means a 
registered weight of 4.5 tonnes or more. For the first three allocation 
methodologies shown, costs are an average of all federal, provincial and 
territorial roads. Municipal or urban roads were not included within the 
scope of this research. 


SUMMARY OF (SELECTED) Roap-CosT ESTIMATES 


Costs per kilometre 
Methodology (1989 cents) Comment 


1.U.S. 1982 FHWA » On-going maintence excluded 
2.U.K. DoT ° | + Environmental factors excluded | factors excluded 


3. Australian 1.9 is) ° ae to be most appropriate 
method for Canadian conditions 


4.Exploratory methodology 


— high-volume highway 
— low-volume highway 


better data would improve the 
results. 


— freeways : : Assumptions require testing; 


Marginal pavement cost 


— high-volume highway for roads with little truck 


— high-volume freeway : | May be problems estimating MC 
— low-volume highway traffic. 


The costs shown under the fourth allocation methodology, the “exploratory” 
one developed here, are for the road classes indicated. Marginal pavement 
costs, which are only estimated for intercity paved highways, are shown for 
three levels of traffic volume which, in this context, means the number of 
annual axle loads. For the lowest-volume roads — technically, those with 
less than 15,000 standard axle loads annually — marginal costs are very 
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high (75 cents per standard axle load). It may be, however, that the model 
of pavement performance used to calculate this is not particularly accurate 
at these low levels. 


In undertaking this work, three issues were addressed: 


1) Have pavements been designed with sufficient strengths? In the United 
States, recent research suggests that pavements are too thin and, as a 
result, have had to be resurfaced sooner than planned. The consequence is 
that road costs for heavy trucks are higher than they otherwise would be. 
(Thicker or stronger pavements mean lower costs for a given axle load.) 
No evidence has been found to indicate that the same is true in Canada. 


2) Are governments spending enough on the roads to prevent unnecessary 
and costly deterioration? An argument has been made in Canada that the 
infrastructure is crumbling and governments are falling behind in the amount 
they spend on roads. The consequence, the argument goes, is that, in the 
long run, taxpayers will have to foot the bill for an expensive rehabilitation 
program. lf all of this is true, there are significant ramifications for a road 
costing exercise (costs would be much higher than those developed from 
actual expenditure data). : 


This “infrastructure is crumbling” argument is complex and not all aspects 
are investigated here. It may be that a road left to deteriorate will cost more 
in the long run than a road which is well maintained throughout its lifetime. 
This has not been investigated. 


What this research has investigated, however, is whether the “infrastructure 
is crumbling” thesis is based on facts. After adjusting for problems in TAC’s 
data — apparent adding mistakes and the failure to distinguish between 
preserving and preserving and upgrading roads — the calculations suggest 
that the annual expenditures required to maintain the existing roads are 
approximately $4 billion. This is just about the amount governments are 
spending. The conclusion, therefore, is that the data do not support the 
thesis that roads are falling apart. This investigation has nothing to do with 
a related argument heard recently that governments should spend more on 
roads to increase capacity. Capacity issues are not addressed in this study. 


P39 


3) What are the relative contributions of axle loads and environmental 
factors to pavement deterioration? The answer to this question has a signifi- 
cant bearing on a costing study as it determines the costs allocated to large 
trucks with heavy axle loads. While there is no simple answer applicable to 
all roads in all regions of Canada, there is no doubt that environmental fac- 
tors do play a large role in pavement deterioration. On the strongest pave- 
ments with the highest levels of truck traffic, the split between load-related 
and environmental-related deterioration may be in the order of 50:50. On 
low-volume roads in regions of Canada where the climate is harsh — for 
example, most of the roads in the Prairies — environmental factors may 
account for 80 percent or more of the deterioration. 


GLOSSARY 


AADTs Average Annual Daily Traffic (or, sometimes, just ADT for 
average daily traffic, or AADTT for truck traffic). These are 
measures of traffic volumes. In this report, they are generally 
expressed on a two-lane equivalent basis (the exceptions 
being where AADTs from source material are being discussed). 


AASHO The former name of AASHTO (American Association of 
State Highway and Transportation Officials). In the text, 
important empirical tests of the relationship between axle 
loadings and pavement performance are referred to as 
the “AASHO Road Tests.” 


ESAL Equivalent-Single-Axle Load, or Equivalent-Standard-Axle 
Load. There are a number of similar terms in use (for example, 
LEF or load-equivalency factor). They all have the same pur- 
pose: to reduce different axle configurations and different 
masses to one standard measure in terms of the effect of 
axles on pavements. In the text, ESAL and LEF are used 
interchangeably, although there is a tendency to use the 
ESAL more often when discussing the equivalency factors 
developed in the AASHO Road Tests and LEF when 
discussing other equivalency factors. 


FHWA Federal Highway Administration of the U.S. Department of 
Transportation. 


GVW Gross Vehicle Weight. A number of other terms are in wide- 
spread use (gross vehicle mass, gross combination weight, 
etc.), but in this report GVW is used throughout. It differs from 
RGVW in that it is a measure of the actual weight of a truck. 


LEF Load-Equivalency Factor. See ESAL. 
NHS National Highway System. This 33,169-kilometre (two-lane 


equivalent) network of highways has been labelled 
“National” by the Transportation Association of Canada. 
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Maintenance In this report, maintenance means expenditures which are 
not considered in the provincial accounts as capital expen- 
ditures. This differs from usage in other studies where 
maintenance includes such activities as resurfacing. In other 
studies routine maintenance might be used to describe 
activities referred to here as maintenance. 


OPAC Ontario Pavement Analysis of Costs. This is a model of pave- 
ment deterioration which can separate the effects of load and 
environment. In this report, it is the primary model used to 
reach conclusions in respect to pavement behaviour and costs. 


PCE Passenger-Car-Equivalent. There are a number of other simi- 
lar terms (for example, PCUs). These attempt to measure 
Capacity use in a consistent fashion. One truck might equal 
two PCEs whereas a car equals one PCE. For this reason, 
PCE-km are sometimes used to allocate certain road costs. 


RCI Riding Comfort Index. This is a common measure of 
pavement serviceability in Canada, equivalent to twice 


the PSI index in the U.S. 


RGVW Registered Gross Vehicle Weight. The weight at which a 
truck is licensed to operate. 


SN Structural Number is a measure of pavement strength. 
TAC The Transportation Association of Canada, formerly RTAC 
or the Roads and Transportation Association of Canada. The 


data base developed in this study is based on TAC data. 


Tandem Axle A group of two axles on a truck with a suspension system 
which shares the load between the axles. 


Tridem Axle A group of three axles on a truck with a suspension system 
which shares the load among the axles. 


VKT Vehicle Kilometres of Travel 


VMT Vehicle Miles of Travel 


1. INTRODUCTION 


1.1 PURPOSE OF RESEARCH 


The purpose of this research is to identify road costs which may be attributed 
to various classes of vehicles using federal, provincial and territorial roads. 
The Terms of Reference define the mandate as follows: 


Identification of the contributions of different classes of motor vehicles 
to the total costs of rural highway infrastructure and operations. Esti- 
mation of the roadway costs per vehicle-kilometre for passenger cars, 
light trucks/vans, buses, and heavy trucks in major weight classes. . 


In this work, the following questions are addressed: 


¢ Has the “under built” thesis any validity in Canada (“Were pavements 
designed with less than optimal strength?”) and, if so, has this any 
bearing on road costing? 


¢ Has the “under maintained” thesis any validity (“We are not spending 
enough on our roads to maintain them.”) and, if so, what implications are 
there for road costing? 


* What are the relative contributions of traffic loads and of time (aging or 
the environment) to pavement deterioration? 


¢ What is the impact of procedures used in other allocation studies? In 
other words, “What would be the level of allocated costs in Canada if the 
methodologies of earlier, generally non-Canadian, studies were used?” 


1.2 SCOPE 


While the objectives sound ambitious, there are qualifications pertaining 

to the scope of the research. Of most importance, no new data have been 
collected. In fact, it was not possible even to undertake a comprehensive 
survey of all the data which already exist in a variety of bewildering formats © 
in each province. The research was conducted within the following constraints: 
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The starting point for all information on roads, in terms of system length 
by road class, and in terms of unit road costs (maintenance, resurfacing 
and reconstruction costs per kilometre) was the Transportation Association 
of Canada’s (TAC’s) data on infrastructure. 


* TAC’s information on unit road costs and frequencies (that is, how often 
are roads of a particular class resurfaced?) was analyzed to determine 
how well it measures road costs. Adjustments were made both to correct 
obvious errors and to recalculate what are called “optimum” costs — 
“optimum” because they are developed after considering optimum 
pavement durability. These adjustments were based on illustrative road 
sections in a model of pavement deterioration, using typical construction 
costs from one province. This is not the same as conducting an actual 

‘investigation of all (or a sample of all) roads in Canada. 


¢ Other aspects of TAC’s data have been adjusted on the basis of partial or 
incomplete information regarding expenditures by provincial highway 
agencies. For example, only a small amount of information from four prov- 
inces has been reviewed to answer the question, “What portion of annual 
maintenance is related to pavement and, hence, susceptible to wear 
from axle loadings?” A more thorough analysis might find a different 
answer for every jurisdiction and every class of road under a range of 
traffic conditions. 


* The traffic and vehicle data used — for example, the proportion of large 
_trucks in the traffic stream and the loads on these trucks — are not based 
on extensive surveys or comprehensive sources. Readily accessible infor- 
mation has been analyzed and extrapolated over the entire network. 


¢ The costing done in this research uses “national averages” or “typical 
construction costs” for many calculations. Given the known variability 
in conditions from one province to another — traffic volumes, the type 
of trucks, and the nature of road costs — these figures may be misleading. 
However, the alternative of developing information on each class of 
road in each of 16 jurisdictions was not possible within the scope of this 
project. 


Finally, since the subject of road costs is controversial, it must also be noted 
that this report makes no attempt to relate costs either to road prices or to 
any of the various measures of total road revenues such as fuel taxes. The 
intention was only to allocate or compute costs. The research considered 


Mm» 


the existing roads as ifthey were the product of efficient investment decisions 
_ inthe past. No attempt was made to examine the non-road components of the 
total road costs (policing, vehicle licensing, private user-costs, etc). Nor did 
the study consider the cost of new roads or capacity additions to existing 
roads. Finally, no consideration was given to externalities (air pollution, etc.). 


2. THE PHYSICAL CHARACTERISTICS OF ROADS 


2.1 INTRODUCTION 


A prerequisite to the development of a costing methodology is an under- 
standing of the physical properties of roads. (What do heavy axle loads 

do to pavements?) Further, since this research uses a variety of costing 
methodologies within the context of a Canadian data base, it is important to 
sort out the assumptions made about roads. Otherwise, there is a danger 
that existing methodologies will be used inappropriately. Finally, the man- 
date for this research poses three questions, all of which require an under- 
standing of the physical nature of roads. This section provides an overview 
of road engineering which focusses on pavements and pavement deterioration 
as this component of a road represents the largest cost item, at least for the 
road agency.' 


2.2 ROAD DESIGN 
Aspects of road design which play a role in cost allocation are: 


Capacity: The primary determinant of capacity is the number of lanes on a 
road, including passing and climbing lanes as well as the more common 
four (or more) lane approach used on freeways. These capacity considera- 
tions are important in some cost-allocation studies. Often, the method of 
calculating a vehicle’s use of capacity is to reduce it to a measure such as 
the passenger-car-equivalent (PCE). 


Bridges: Bridges are built to carry loads. A consequence is that cost-aliocation 
studies tend to use vehicle weight as a means of allocating bridge costs. For 
example, the costs of a given base bridge may be calculated and treated as 

a common cost while any costs for a bridge stronger than this are treated as 
a function of vehicle weight (GVW) or registered gross vehicle weight (RGVVV). 
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Horizontal and vertical geometry: Roads have geometric features — widths, 
grades, clearances, curvatures — which can be related to vehicle character- 
istics. For example, grading costs, which determine the vertical geometry, 
may be assigned on the basis of weight-to-power ratios. Pavement widths 
may be assigned on the basis of vehicle widths. 


Pavements: Pavements are designed with a certain strength, partly deter- 
mined by the number of expected axle loads. These are measured with a 
load equivalency factor (LEF), the most common one being the 18,000-pound 
equivalent-single-axle-load (ESAL) developed in the U.S. Most recent cost- 
ing studies critically depend on this concept. For example, new pavement 
costs may be allocated on the basis of treating a minimum pavement 
thickness as a common cost; any costs over and above this minimum 

are a function of ESALs. 


These design characteristics are used in allocation studies for the purpose 
of assigning the costs of new roads. The data used in this study, however, 
are for the cost of the existing roads. This being the case, many of the 
design-vehicle-characteristic linkages are not made. 


2.3 PAVEMENTS 


2.3.1 Introduction 


The principal pavement used in Canada is a flexible pavement consisting of 
granular base and sub-base courses and a surface course of asphaltic con- 
crete. This section focusses exclusively on these flexible pavements — an 
important point since much of the controversy surrounding road costing 
emanates from recent work in the United States where rigid pavements 

are more common. 


The initial design choice for a flexible pavement is the number of years it 
will last before a resurfacing is required. This pavement life may be length- 
ened by increasing the thickness (described later in Figure 2.5) and/or by 
using better quality materials. Table 2.1 shows typical structures for flexible 
pavements in three provinces. 


Table 2.1 
TYPICAL PAVEMENT STRUCTURES 


New Brunswick Ontario Alberta 


Asphaltic concrete 140-201 mm 50-130 mm 80-100 mm 


Granular base course or 
asphalt stabilized base 150 mm 150 mm 50 mm 


Granular sub-base ; 455-760 mm 150-450 mm 180-330 mm 


The thickness of the components may be converted into equivalent granular 
thicknesses using the following layer equivalencies: surface = 2; granular 
base = 1; sub-base = 0.67. Using these, the following numbers illustrate 

the range of equivalent granular thicknesses in different provinces with a 
variety of sub-grade and traffic conditions: 


Weak sub-grade Strong sub-grade 
Heavy traffic Light traffic 
New Brunswick 1,090 mm 750 mm 
Ontario 700 mm 350 mm 
Alberta 615 mm 420 mm 


The thicker pavements required in New Brunswick reflect the poor quality 
sub-grades in that province. Alberta has the smallest range of thicknesses 
because most of the pavement deterioration there is due to the harsh climate. 
These environmental aspects of deterioration are discussed more fully in a 
later section. Alberta also uses an asphaltic stabilized base course because 
of the unavailability of good granular material in much of the province. 


Flexible pavements wear out or deteriorate over time. The FHWA in the United 
States identified three major types of deterioration (Rilett et al., 1989): 


¢ Surface distress: fatigue cracking, low-temperature cracking, rutting, 
ravelling, bleeding or flushing, roughness due to differential sub-grade 
volume change. 


¢ Reduction in surface friction: reduced skid resistance. 


¢ Reduction in serviceability: increased roughness. Reduction in serviceability is 
also caused by surface distress since the distress normally creates roughness. 
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For this discussion, it is the third type of deterioration which is of interest 
as this is the primary operating function of a pavement. In many allocation 
procedures, this is the measure which can be related to vehicle operating 
costs (that is, increased roughness means increased vehicle operating 
costs). In Canada, roughness, or the riding quality of a pavement, is usually 
measured with the Riding Comfort Index (RCI), a subjective estimate rated 
on a scale of 0 to 10. The change in RCI over time is usually monitored 
through objective measures of pavement distortion which have been 
correlated with the subjective ratings. 


New pavements typically have an initial RCI of 8.5. This decreases as the 
surface distorts under the action of traffic load and climate. On first-class 
highways, pavements are normally considered to have deteriorated to 

an unacceptable condition when the RCI has declined to a level of 4.5 (see 
Figure 2.1). At year 15 and again at year 27, the pavement is resurfaced with 
an overlay which would vary from about 50 mm on lightly travelled highways 
to about 90 mm on heavily travelled highways. Generally, flexible pave- 
ments in Canada will be resurfaced twice in 40 to 50 years before a decision 
is made to reconstruct the pavement. 


Figure 2.1 
PAVEMENT DETERIORATION OVER TIME 


RCI 


Year 


2.3.2 Pavement Deterioration 


The principal mechanisms contributing to the surface distortion of flexible 
pavements are permanent deformations of the surface created by traffic 
loads and deformations of the sub-grade which are transmitted through 

the pavement structure to the surface. Deformation of the sub-grade occurs 
under the stresses imposed by heavy axle loads, and by freeze-thaw cycles 
and sub-grade moisture changes. The distortion of pavement surfaces 
induced by climatic factors is a significant component of pavement deterio- 
ration, and flexible pavements deteriorate to an unacceptable RCI magnitude 
in 25 to 35 years even under very light traffic loads. 


The AASHO Road Test conducted in Illinois during the early 1960s provides 
most of the information known about the impact of traffic loads on pave- 
ment deterioration. In this test, the behaviour of pavements of different 
thicknesses subjected to different truck axle configurations (single and tan- 
dem) and axle group loads was observed over a two-year period. Many of 
the flexible pavement test sections failed very quickly at the beginning of the 
second spring thaw due to a combination of poor sub-base quality and a 
sub-grade which was quite sensitive to freeze-thaw cycles. This compro- 
mised the development of statistically valid axle coverage damage functions 
because of the narrow range of axle coverage within which pavements 
failed. In contrast, many of the thicker reinforced concrete pavement sections 
(rigid pavements) had not deteriorated to an unacceptable condition by the 
end of the test, which also created difficulties in the development of statisti- 
cally valid deterioration models, particularly for the thick, rigid pavement 
sections. As well, the test sections at the road test were subjected to about 
one million axle loads over the two-year period: This creates difficulties 
when pavement deterioration models based on this try to predict behaviour 
beyond this loading range. 


In Canada, the Brampton Test Road has provided information for extending 
the knowledge developed at the AASHO Road Test to typical operating 
conditions where traffic loads are imposed at a slower rate. The Brampton 
Road Test also allowed the contribution of climatic factors to pavement 
deterioration to be tracked in an objective manner. 


In subsections 2.3.4 to 2.3.6, deterioration models are examined in more 
detail. First, though, the concept of load equivalency is considered. 
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2.3.3 Load Equivalency 


A concept central to deterioration models is the relative pavement damage 
of different axle loads. In the AASHO Road Test, a standard load was defined 
as 18,000 Ib (8,163 kg) on'a single axle supported by dual tires (that is, 

four tires per axle). This was the common limit for single axles in much of 
the United States and Canada in the early 1960s. The equivalent single-axle 
load rating of any other axle load or configuration, ESAL or LEF, is defined 
as the number of passes of the standard axle load required to create the 
same amount of damage as one pass of a candidate axle load. For example, 
a single axle load of 10,000 kilograms (22,050 Ib) has an ESAL rating or 

LEF of 2.25. This is calculated from what is commonly referred to as the 
“fourth-power law” of pavement damage: 


or 
LER= 
L(s) 


where L(x) is the candidate axle load and L(s) is the standard axle load.2 


To put the issue in dramatic terms, this 10,000-kilogram truck axle (the 
maximum load limit in three Canadian jurisdictions) does 160,000 times 

as much damage to a flexible pavement as does a car axle load of 500 kilo- 
grams. That is, the truck’s ESAL of 2.25 is 160,000 times as large as the car’s 
0.000014 ESALs. This concept of load equivalency, and the manner in which 
these equivalencies increase sharply with load, is of crucial importance in 
all modern costing studies. : 


Whatever other controversies exist, most people agree on this point: heavy 
axle loads (hence, trucks) are a major factor in deterioration (hence, costs). 


The current AASHTO ESALs, dating from 1986, were developed from the 
AASHO Road Tests and additional experimental and theoretical information 
(see Figure 2.2). The actual calculation depends on a number of factors 
(pavement strength and the terminal serviceability), but for this study’s 
purpose these complications can be ignored. 


More than just load is involved in the impact axles have on pavements. 
Such factors as the number of tires, tire pressure, vehicle speed, axle 
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suspensions and ambient air temperature all play a part. However, none of 
these has been incorporated in any of the costing performed in this research 
nor, as far as is known, in any other work. 


Recent Canadian research has developed its own method of calculating 
LEFs, referred to here as Canroad or Waterloo LEFS, depending on how 
they are calculated (Appendix B). While it is not possible to describe all the 
recent research on the relationship between axles and pavements, these 
Canadian LEFs should be mentioned. First, they are based on actual empirical 
data from a series of pavement test sites across Canada. Unlike other LEFs, 
then, they represent Canadian climates, pavements, axle configurations 
and loads. Second, there is an important implication which flows from the 
development of these LEFs: they suggest that the damage of a heavy axle is 
greater than those calculated from AASHTO’s LEFs. To illustrate, a typical _ 
large truck which might be rated at three ESALs as calculated from AASHTO’s 
numbers, could be rated at six or seven as calculated from these Canadian 
LEFs. The important point is that use of the Canadian LEFs affects the 
relative distribution of pavement damage (hence, costs) among truck types. 


Figure 2.2 
AASHTO Loap EauivaLencies 


LEFs 


—i— single axle 
——i— tandem axle 
—®— tridem axle 


Load (tonnes) 


A comparison of the AASHTO, Canroad and Waterloo LEFs for tandem 
axles is shown in Figure 2.3. For example, at 15.4 tonnes, the AASHTO LEF 
of 1.09 is considerably lower than the Canroad 1.59 or the Waterloo 1.86. 
There is a 70 percent difference in what these equivalency factors reveal 
about the impact of axles on pavements. For most of this research, however, 
AASHTO’s ESALs are used as this is the way pavement deterioration 
models are calibrated. 


To this point, the discussion has focussed on the importance of LEFs in 
pavement deterioration. Obviously, to the extent deterioration is synony- 
mous with costs, LEFs also play a key role in costing. In fact, one of the 
studies reviewed in Section 6 simply takes total pavement costs, divides by 
the number of ESALs, and attributes the resulting cost per ESAL to trucks in 
proportion to the number of ESALs each truck creates. While this approach 
may be necessary because of data constraints, it is natve in the sense that it 
attributes all aspects of pavement costs to ESALs. There are environmental - 
impacts on pavements (discussed in the next subsection). Second, even if 
the impact of the environment can be accounted for separately, there is the 
problem that the simple notion of LEFs as outlined here — the so-called 
“fourth-power law” — is not responsible for all aspects of pavement perfor- 
mance. As outlined in subsection 2.3.1, there are a number of dimensions to 
pavement deterioration such as surface distress, skid resistance and rough- 
ness. Some are related to axle loads in a manner captured in the pavement 
deterioration models as indicated by the AASHTO ESALs; some, such 

as skid resistance, are not; and still others, such as the various forms 

of distress, are related to axle loads in a manner which differs from the 
“fourth-power” ESAL. 


... the Road Test only measured serviceability loss rather than the 
individual pavement distress contributing to that loss. Since different 
distresses occur as different functions of axle loadings, there may be 
substantial error in attributing the relative causes of deterioration for 
any given combination of distresses. (U.S. FHWA, 1982, p. IV-45) 
In this FHWA study, a series of distress models was constructed to allocate 
existing pavement costs. This cannot be done here, but it can be recognized 
that the naive use of LEFs in determining pavement costs may introduce 
errors to the analysis. 3 
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Figure 2.3 
ComPARISON OF LEFS 


LEFs (tandem axles) 
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2.3.4 Models of Pavement Deterioration (1) 


One of the reasons for the controversy surrounding the subject of costing is 
the wide choice of pavement-deterioration models. For this research, three 
are relevant: 


~* The OPAC model, the most relevant for Canadian conditions (Jung et al., 1975). 


¢ The Alberta model which has particular relevance for low-volume roads 
in harsh climates (Cheetham and Christison, 1981). 


* The model developed by Small, Winston and Evans (1989) in the United 
States which has generated some of the recent controversy. 


Other models, such as those developed by the World Bank (Paterson, 1987), 
are also important but, as they consider roads in developing countries with 
traffic and climatic conditions far different from those in Canada, they are 
not considered here. 


The Ontario flexible pavement deterioration model, OPAC, provides one of 
the few models which separates load from climate-associated deterioration. 
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It was developed from the behaviour observed at the AASHO Road Test, the 
theoretical behaviour of layered elastic systems, and the longer-run Brampton 
Road Test. Briefly, this is how it works. A proposed pavement structure (see 
- Table 2.1 for an example) is converted to an equivalent thickness of granu- 
lar material covering a sub-grade. The deflection of the sub-grade likely to 
occur under a standard wheel load is then estimated using a theoretical pro- 
cedure. The expected traffic loading (ESAL coverage) is then used along 
with this sub-grade deflection to estimate the loss in RCI over time due to 
traffic. The loss in RCI due to the environment is estimated in terms of the 
sub-grade deflection and the number of years in service. The OPAC model 
also contains a procedure for estimating the probable life span of overlays, 
although there are concerns about the validity of this component of the model. 


Typical results from the OPAC model are depicted in Figure 2.4; the family 
of curves shown are for total annual ESAL loadings of zero, 100,000, 500,000, 
one million and two million. “SN” is the structural number, that is, the 
strength of the pavement. 


Figure 2.4 
RCI Prorite, Using OPAC Move 
(SN s 49) 


RCI 
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As illustrated, pavements deteriorate to an unacceptable level of roughness 
(an RCI below 4.5) in about 40 years in the absence of any axle loads. (The 
OPAC model may actually overestimate pavement lives in the absence of 
axle loads.) With one million axle loads, an RCI of 4.5 is reached in about 
20 years; with two million ESALs, an RCI of 4.5 is reached in about 14 years. 
Only a few sections of the busiest HENAN. | in Canada experience more 
than two million ESALs a year. : 


The curves also indicate that both axle loads and the environment play a 
role in pavement deterioration. Further, the relative importance of environ- 
mental factors decreases with heavier loadings (Rilett et al., 1989). For 
example, for a typical flexible pavement in Southern Ontario, the environ- 
ment may account for as much as 80 percent of the deterioration on a low- 
volume road (less than 250,000 ESALs per year). On a high-volume road, 
say over two million ESALs per year, environmental factors may only 
account for half the pavement deterioration. The same is true for overlays: 
the higher the traffic volumes (axle loads), the lower the portion attributable 
to the environment. 


Another point which emerges from this model is that the role of the envi- 
ronment increases with longer initial pavement lives (Rilett et al., 1989). 
Again, the same is true for overlays. 


To oversimplify, the environment grows in importance as stronger and 
thicker pavements are built (for a given demand loading), and it grows in 
importance as traffic volumes (axle loads) decline. To turn this around, 
axle loads play a larger role in deterioration where pavements are built for 
short initial lives, and where traffic volumes are high. Although this sounds 
relatively straightforward, there is a qualification: 


While pavements in more severe climates may well have to be 
designed primarily for environmental factors (... i.e., they are “over- 
designed” for traffic loading, per se), it would be dangerous to extrap- 
olate this too far. For example, if a pavement were designed only for 
environmental factors, and an unexpected increase in traffic loads 
occurred, then very rapid deterioration would likely occur. ... 
Moreover, existing models such as OPAC assume that environmental 
and load-associated deterioration is separable right to the end of the 
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service life. In reality, the interaction between traffic and environment 
may be the dominant factor in deterioration as the pavement becomes 
older. (Rilett et al., 1989, p. 39) 


A final characteristic of pavements, as revealed by the OPAC model, is 
shown in Figure 2.5. Pavements exhibit increasing returns to scale, as 
shown by the fact that pavement life increases with pavement thickness 
(“equivalent granular thickness”) at an increasing rate. 


Figure 2.5 
PAVEMENT STRENGTH AND INITIAL YEARS TO FAILURE 


Initial pavement life (years) 


200 300 400 500 600 700 800 900 


Equivalent granular thickness (mm) 


2.3.5 Models of Pavement Deterioration (2) 


The Alberta model is based on data from a large number of pavement 
sections, some as old as 25 years. Recursive regression equations were 
developed, and the truck loading variable was found to be weakly signifi- 
cant. Pavement deterioration as a function of pavement life, for three levels 
of annual axle loads, is shown in Figure 2.6. 


The model indicates that, for the light traffic loads and harsh climates in 
Western Canada, the environment causes most deterioration. For example, 
with annual ESALs of 17,500, an RCI below 4.5 is reached in about 26 years. 
With four times this loading, the model predicts an RCI below 4.5 in about 
22 years. This observation reinforces the argument that where traffic is 
light, environmental factors play the largest role in pavement deterioration. 
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Figure 2.6 
RCI Proite, Using ALBERTA MopEL 
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2.3.6 Models of Pavement Deterioration (3) 


The final deterioration model to be considered is the one developed by 
Small, Winston and Evans which supports the claim that pavements have 
been built without sufficient durability and that, accordingly, pavement costs 
for trucks are higher than they would be with optimally-designed pavements. 
(In summarizing Small, Winston and Evans, it should be pointed out that 
most of their argument is concerned with rigid pavements. While they 
extend the discussion to flexible pavements, they point out that they are 
not as confident of the results.) 


The following is the model they propose, based on their re-analysis of the 
AASHO Road Test data: 


RCI(t) = RCI(O) - [RCI(O) - RCI(F)] re 


em 


The Canadian RCI (a 0-to-10 scale) has been used in the above rather than 
the American PSI (a 0-to-5 scale), but this does not affect the results. RCI(t) 
is the serviceability index at time t, RCI(0) is the initial serviceability and 
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RCI(f) is the terminal serviceability (that is, the point at which the pavement 
is resurfaced). Qis the number of ESAL loadings experienced, Nis 

the total ESALs-life of the pavement, and m is a factor to account for the 
annual percentage increase in roughness due to climatic factors. 


Small, Winston and Evans’ re-analysis of the AASHO Road Test data for 
flexible pavements results in the following prediction for N, pavement life: 


N = @12.062 (DP 4 1)7-761 (L, + L5)-3-652 (L)3-238 


where D is the structural number of the pavement, L, is the axle load in 
thousands of pounds, and L, equals 1 for single axles and 2 for tandem 
axles. Setting L, = 18 (that is, the 18,000-Ib standard axle load) and L, = 1, 
the pavement performance model may be re-written as: 


4Qt 
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Again, RCI values have been used instead of PSI. The value “4” in the 
equation is simply the difference between the RCI of a new pavement and 
the value of RCI when resurfacing is ordinarily done. 


This equation may be used to develop the RCI profile of a flexible pavement 
with a thickness the same as that used in Figure 2.4 (SN of 4.9). The results 
are shown in Figure 2.7. For this illustration, an annual increase in roughness 
due to climatic factors has been set at 2.3 percent. Small, Winston and Evans 
actually use a value of 4.0 percent for most of their calculations and the 
World Bank, from which these estimates were derived, suggests a figure 
more in the order of 5.0 to 10.0 percent for severe climates (Paterson, 1987, 
p. 393). There is considerable uncertainty about the value of min the 
above equation. 


As indicated in Figure 2.7, this model allows for no deterioration in the 
absence of axle loads, unlike the OPAC model. The authors, while unsure 
about this, offer anecdotal evidence to suggest that this may actually be the 
case, at least for rigid pavements. A second point to note about the curves 
in Figure 2.7 is their relative steepness in comparison to those generated 
from the OPAC model (Figure 2.4). For example, with 100,000 ESALs annually, 
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the Small, Winston and Evans pavement shown in Figure 2.7 reaches an RCI 
below 4.5 in about 21 years. In comparison, the OPAC model predicts that 
this point is reached in 37 years. With one million ESALs, an RCI of less than 
4.5 is reached in about 12 years with Small, Winston and Evans. The OPAC 
model, with the same pavement strength, suggests this point is reached 

in 20 years. 


A third observation about the Small, Winston and Evans model, which is 
not evident from Figure 2.7, is that the steepness of the curves increases for 
higher values of m— the climatic factor. For example, with 100,000 annual 
ESALs, a pavement will reach an RCI of 4.5 in about 13 years when the 
climatic factor is 7 percent as compared to the 21 years shown in Figure 2.7. 


Figure 2.7 | 
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To demonstrate the differences in pavement performance predicted by the 
OPAC model and the one proposed by Small, Winston and Evans, the 
numbers in Table 2.2 show the initial years in service of a flexible pavement 
under a number of annual ESAL loads. As shown, the Small, Winston and 
Evans model is considerably more sensitive to axle loadings than the OPAC 
model. This probably reflects the behaviour at the AASHO Road Test where 
many of the flexible pavement sections failed prematurely. 


Table 2.2 
YEARS IN SERVICE, OPAC Mope versus SMALL, WINSTON AND EVANS Mone 
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The implications of the model proposed by Small, Winston and Evans are 
that, for a given traffic load, thicker pavements are required than those 
suggested by the OPAC model. Additionally, given the sensitivity to ESAL 
loadings in the Small, Winston and Evans model, the optimum pavement 
strategy would be more sensitive to the key design variable — initial pavement 
life — than that suggested by the OPAC model. 


2.3.7 Roads with Other Than Flexible Pavements 


Over half the roads in Canada (federal, provincial, territorial measured on 
a two-lane equivalent basis) do not have the flexible pavements discussed 
in the preceding sections. Instead, they are surface-treated, gravel or earth. 
To put this in perspective, however, this half of the network only accounts 
for about 20 percent of the total costs and a very small proportion of total 
travel. Whatever their cost or importance, none of the models described 
thus far consider these road surfaces. Although there are models avail- 
able as, for example, in the work by the World Bank (Paterson, 1987), it 

is unlikely that these are relevant given the climates for which they have 
been calibrated. 


For this reason, there is an important cautionary note to introduce here 
about the cost allocations attempted later in this report: these are done on 
the basis of the AASHTO ESALs and/or Canadian LEFs described previously, 
even though there is no evidence to suggest that these are appropriate. 


2.3.8 Summary 


Pavements and pavement performance are important in any road costing 
exercise. 


The key design variable for pavements is the initial pavement life. The deci- 
sion to build for a longer initial life has two implications: stronger pavements 
initially (which cost more), and a deferral of the time at which resurfacing 
has to occur (which reduces costs). The economic consequences of this 
decision are examined in Section 5. 


Heavy axle loads play a key role in pavement deterioration, suggesting, 
therefore, that heavy axles bear a large portion of pavement costs. 


The environment plays a large role in pavement deterioration (at least from 
the best evidence on Canadian pavements). It may be overly simplistic to 
attach any single number to this statement as soil, pavement and traffic 
conditions vary considerably. Nevertheless, environmental factors may 
account for half of the deterioration of the strong pavements found on the 
busiest freeways with a high proportion of trucks, and they may account for 
almost all of the deterioration of the weaker pavements found on low-volume 
roads with very little traffic (particularly where the climate is severe). 


For the purpose of costing, the concept of /oad equivalencies for axles 

is indispensable. However, the naive use of LEFs — that is, linking of all 
aspects of pavement performance to one LEF concept — may introduce an 
element of error into any such exercise. Further, the choice of LEF has, as 
will be shown in Section 7, a pronounced impact on the results. 


This section would be incomplete if mention were not made of a large- 
scale current pavement research project (SHRP). This is an American effort, 
although other countries including Canada are involved. It may well be that 
the knowledge about pavements, and hence costing methods, will change 
substantially as a result of this work. One point that emerges from the 
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results to date is the difficulty in collecting data on pavements for the pur- 
pose of gauging performance. Long periods are involved (20 to 40 years). 
During this time, truck weight limits may change. Further, material proper- 
ties used in construction may vary from one section to another. Of most 
importance, it has been found that it is extremely difficult to record accu- 
rately the history of actual axle loadings and environmental factors on any 
particular pavement over an extended period of time. 


2.4 BRIDGES 


Bridge costs, as will be described in Section 3, account for only 6 percent 
of TAC’s calculation of total road costs. This is one of the reasons little 
attention is given to the physical characteristics of bridges here. Another is 
that the relationships between bridge wear and traffic are less well under- 
stood than in the case of pavements. This, at least, is the conclusion of the 
1988 FHWA study which looked specifically at the question of the costs 
heavy trucks impose on roads: 


Design for bridges is fundamentally different from that for pavements. 
Bridges are built for ultimate strength and behave differently under 
loading than do pavements. While there is general consensus that 
pavement deterioration is related to the number of axle load repeti- 
tions, the state-of-the-art in bridge fatigue analysis has not advanced 
to the point where bridge costs can be directly related to travel by 
different vehicles. (U.S. DoT, 1988, p. III-8) 


2.5 MAINTENANCE 


Later sections consider maintenance, or what are sometimes referred to as 
“routine maintenance” costs. The unknown factors are these: 


e¢ Are maintenance activities (costs) a function of the “initial pavement life” 
variable in the design of pavements? 


e Are maintenance activities a function of traffic (either axle loads or the 
number of vehicles or other measures of traffic)? 


¢ What portion of maintenance activities are related to pavements and, 
hence, possibly load-related? 
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Unfortunately, no good answers to these questions have been found. 
One recent study from California does suggest a strong relationship 
between truck traffic and maintenance costs (Kitamura et al., 1990). 

The authors say that, in California, average annual maintenance costs per 
heavy-truck mile amount to $7.60 while for cars the cost is only $0.08. 
However, without knowing more about what they consider to be mainte- 
nance as compared to what the provinces include in their accounts as 
maintenance, it is difficult to make much of this. It is possible that the 
American authors include factors which in Canada are classified as 
resurfacing or even reconstruction. 


The Trucking Research Institute report discussed maintenance costs as 
follows, although it appears to refer only to pavement-related maintenance: 


Pavement maintenance is one of the most important elements of cost 
allocation. ... Unfortunately, however, no single source can be relied 
on as to the most appropriate methodology to use. The Federal studies 
have not focused on maintenance because of the lack of Federal 
funding for maintenance. State studies have mostly relied on expert 
opinion to determine the proportion of costs that is load-related, 

as well as to determine what the appropriate relationship is between 
traffic loads and pavement maintenance requirements. (The Urban 
Institute, Sydec, Inc., 1990, p. 80) 


3. TAC Data Base on Roap Costs 


3.1 SOURCE DATA 


For a number of years TAC has compiled data on roads, including infor- 
mation on lengths in two-lane equivalent kilometres and on costs. Although 
information on the entire 879,530-kilometre network is available, only the 
292,003 kilometres of federal, provincial and territorial roads are of interest 
here. Asummary is shown in Table 3.1. Only 5 percent of this network, 
including all the paved urban roads, is federal. 


Table 3.1 
THE Roap NeTworK 
(TAC’S DATA ON FEDERAL, PROVINCIAL AND TERRITORIAL ROADS, TWO-LANE EQUIVALENT BASIS) 


Road class 


| Freeway 
Paved (urban) 
Paved (rural) 


Surface-treated 
Gravel 
Earth 


Source: RTAC, 1990. 


From each of 16 jurisdictions — four federal departments, 12 provinces and 

territories — TAC collects information on the costs of maintaining roads 

and bridges. “Maintaining,” in this instance, includes five activities: 

¢ annual maintenance of the road surface and roadside (everything from 
snow ploughing and grass cutting to crack filling); 


* periodic resurfacing; 


¢ reconstruction of road surfaces after a certain number of resurfacing 
cycles; 


¢ bridge maintenance, restoration and reconstruction; and 


¢ administration. 


A description of the methodology is provided by TAC (RTAC, 1990); an even 
more complete description is available in what is referred to as the “HITRIS” 
study (RTAC, 1987a). 


The data are collected and compiled in a consistent manner which helps 

— with one critical problem with road costing in Canada — obtaining appro- 
priate data. Every jurisdiction has numbers; the difficulty has been in col- 
lecting and massaging them so that their meaning is consistent. Another 
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point is that in TAC’s data, “cost” is not what each jurisdiction actually 
spends on its roads. Rather, it is what TAC refers to as “needs.” “This 
model [of needs is used] to relate typical highway expenditures to estimates 
of funding required to achieve an acceptable minimum standard. As such, 
these ‘needs’ are estimated theoretical levels of funding only.” (RTAC, 
1990, p. 17). 


The advantage of using the TAC data is that it represents the “costs” of main- 
_ taining the road system indefinitely. Unlike information on expenditures, 
there are no fluctuations based on everything from political motives (expen- 
ditures increasing before an election) to a bad winter (and increased snow 
ploughing expenses). Further, there is no confusion between maintaining 
existing roads and adding new capacity... 


If the object of a costing exercise, however, is the design of road prices, 
there are also disadvantages in the use of TAC’s data since they do not 
include land costs, policing costs, or private user-costs. Further, the 
amounts assume past investment decisions were optimal, that is, that 
the size and capacity of the network are the same as would be with a 
network built had the road agencies received their funding from a system 
of efficient prices. 


In TAC’s latest publication, expenditure needs for the fiscal year ending in 
March 31, 1989 were $11.4 billion, with the federal/provincial/territorial com- 
ponent shown at $6.1 billion. The balance of $5.3 billion is municipal (RTAC, 
1990, p. 18). However, it appears there were errors made in printing these 
figures as the spreadsheet from which they were derived only shows a total 
of $5.1 billion for federal/provincial/territorial roads.? 


Costs used in this study, at least as a starting point, are as shown in 

Table 3.2. The maintenance and pavement component is described in 

more detail in Tables 3.2 to 3.4 as totals or averages for the whole network 
even though the analysis was done at the level of the individual jurisdiction. 
Use of the TAC data for this research, however, was conditional on the 
figures from individual jurisdictions being treated as confidential. 


Table 3.2 
TAC’s Roap Costs (ExpenpiTure NEEDS) 
(TAC’S DATA ON FEDERAL, PROVINCIAL AND TERRITORIAL ROADS, MILLIONS OF 1989 $) 


Annual maintenance - $1,824.0 
Pavement 

— resurfacing $1,477.8 

— reconstruction 1,294.9 


— total 
Bridges 
Administration 


$5,094.5 


Source: RTAC Lotus files. 


In Table 3.3, the total $4.6 billion in maintenance and pavement costs is 
shown according to class of road. Paved rural roads dominate the costs of. 
the network, comprising as they do 68 percent of the total. Paved roads in 
total — that is, the first three classes on Table 3.3 — account for 78 percent 
of total costs. The remaining 22 percent of maintenance and pavement | 
costs — which amount to over $1 billion — are for surface-treated, gravel 
and earth roads. The cost for these last three classes are allocated to road | 
users in a later part of this study. However, as previously pointed out, the 
allocation is not made on the basis of any information about the performance 
of these surface-treated, gravel or earth surfaces. 


Table 3.3 

TOTAL MAINTENANCE AND PavemeNT Costs 

(TAC’S DATA ON FEDERAL, PROVINCIAL AND TERRITORIAL ROADS, TOTAL ANNUAL EXPENDITURE NEEDS, 
MILLIONS OF 1989 $) 


Freeway 
Paved (urban) 
Paved (rural) 


Surface-treated 
Gravel 
Earth 


Source: RTAC Lotus files. 
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In Table 3.4, average maintenance and pavement costs are shown. These 
have been calculated by dividing the numbers in Table 3.3 by the lengths in 
Table 3.1. They indicate possible incongruities in the data base: for example, 
paved urban roads have an annual resurfacing cost of $23,542 per two-lane 
kilometre which is considerably higher than for other roads. 


Table 3.4 

AVERAGE MAINTENANCE AND PAVEMENT Cosrs | 

(TAC’S DATA ON FEDERAL, PROVINCIAL AND TERRITORIAL ROADS, ANNUAL EXPENDITURE NEEDS PER 
TWO-LANE KILOMETRE, 1989 $) 


Freeway 
Paved (urban) 


Paved (rural) 
Surface-treated 
Gravel 

Earth 


Source: RTAC Lotus files. 


In Table 3.5, average unit costs for resurfacing and reconstruction are shown, 
as well as the average duration (that is, number of years between resurfacing 
or reconstruction). These have been calculated as weighted values; that is, 
the figures from individual jurisdictions have been weighted by the length 
of the road section there. Again they indicate that there may be some 
“noise” in the data base. Paved urban roads resurfaced every 3.1 years? 


Table 3.5 

Umit Costs AND FREQUENCIES 

(TAC’S DATA ON FEDERAL, PROVINCIAL AND TERRITORIAL ROADS, EXPENDITURE NEEDS PER 
TWO-LANE KILOMETRE, 1989 $) 


Resurfacing Reconstruction 
Resurfacing frequency Reconstruction frequency 
Road class costs/km (years) _ costs/km (years) 


Freeway : - » 522,482 
Paved (urban) : 401,152 
Paved (rural) ; 303;325 
Surface-treated : 167,280 
Gravel : 22,504 
Earth } 7,478 


Source: RTAC Lotus files. 
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3.2 ADJUSTMENTS 


A closer examination of TAC’s data, at the level of the individual jurisdiction 
and individual class of road, reveals anomalies or, at least, many numbers 
difficult to understand. For example, in one province paved rural roads 

are reconstructed every 50 years and resurfaced every 45 years. This is, pre- 
sumably, a coding error. As another example, in two provinces paved rural 
roads are resurfaced every 2.25 and 3 years respectively. This is at odds 
with existing practices, according to informal discussions with highway 
people in the two provinces. Since these two provinces account for a large 
portion of the total length of rural paved roads, these short resurfacing lives 
have a significant impact on the total road costs computed by TAC. 


In light of these and other suspected errors, adjustments have been made 
to the original TAC data before using them. A conservative approach has 
been taken, with only the most extreme values in the TAC data being changed. 
For example, rather than trying to second guess the road agencies as to 
when paved roads really do require resurfacing, any value between 5 and 
25 years has been accepted, and only values outside this range have been 
changed (to 15 years). None of the wildly different estimates of reconstruc- 
tion costs have been adjusted: for freeways, these estimates varied from 

a low of $200,000 per two-lane kilometre to a high of $1 million. 


The following is asummary of the adjustments made: 


Maintenance costs: |In three cases, jurisdictions are included in TAC’s data 
with zero maintenance costs for a particular class of road. To adjust these, 
the average cost per kilometre has been used. The “average” is different 
than that shown on Table 3.4 as it is calculated without the road length of 
the candidate jurisdictions included in the denominator. 


Resurfacing costs: The 16 road agencies are divided in their opinion (or 
practices) as to whether or not surface-treated, gravel and earth roads 
require resurfacing. Half the individual cells in the TAC matrix show a cost 
while the other half do not. However, no adjustments have been made here 
(no information has been found upon which to make such adjustments). 


In the case of freeways and paved rural roads, there are three instances 
where roads are shown with a zero resurfacing cost. Again, as with mainte- 
nance, the procedure followed was to substitute a value calculated from the 
average of all those jurisdictions showing a cost. 


Resurfacing frequency: By far the most significant adjustment made to 
TAC’s data concerns the estimates provided for the average life of an over- 
lay. In total, there are 17 instances in the data where a province is shown to 
resurface every four years or less, or to resurface every 26 years or more. 
All values lying outside the range of 5 to 25 have been changed to 15 years. 


Reconstruction: Although reconstruction costs vary significantly from juris- 
diction to jurisdiction, these have not been adjusted. Rather, they are the 
subject for discussion under “Pavement Economics” in Section 5.4 


The result of these adjustments on maintenance and pavement costs is shown 
in Tables 3.6 to 3.8. No changes have been made to TAC’s estimate of costs 
for bridges. Finally, a new figure has been computed for administration 
based on the average “add-on percentage” of 4.1 percent used in the origi- 
nal. The result is an estimated cost of $171.5 million. A summary of the final 
adjusted TAC data is shown in Table 3.9. Total costs (“needs”) of $4.3 billion 
are considerably lower than the original TAC Lotus files ($5.1 billion) and 
even more significantly lower than TAC’s published figures ($6.1 billion). 


Table 3.6 
AbJUSTED TOTAL MAINTENANCE AND PaveMENT Costs 
(TOTAL ANNUAL EXPENDITURE NEEDS, MILLIONS OF 1989 $) 


Freeway 
Paved (urban) 
Paved (rural) 


Surface-treated 
Gravel 
Earth 


Table 3.7 
ApuusTeD AVERAGE [MAINTENANCE AND PAVEMENT Costs 
(ANNUAL EXPENDITURE NEEDS PER TWO-LANE KILOMETRE, 1989 $) 


Freeway 
Paved (urban) 


Paved (rural) 
Surface-treated 
Gravel 

Earth 


Table 3.8 
ApuusTep Unit Costs AND FREQUENCIES 
(EXPENDITURE NEEDS PER TWO-LANE KILOMETRE, 1989 $) 


Resurfacing Reconstruction 
Resurfacing frequency Reconstruction frequency 
Road class costs/km (years) costs/km (years) 


Freeway 522,482 
Paved (urban) 401,152 
Paved (rural) SUop325 
Surface-treated 167,280 
Gravel 22,504 


Earth 7,478 


Table 3.9 
ApyusTep TAC Roap Costs (Expenpirure Neeps): SumMARY 
(MILLIONS OF 1989 $) 


Annual maintenance $1,830.1 
Pavement 

— Resurfacing 

— Reconstruction 


— Total 


Bridges 
Administration 


$4,334.0 


4, VEHICLE AND TRAFFIC DATA 


A critical aspect of a costing study is data on, or assumptions about, vehicles 
and traffic. Without this, it is impossible to assess TAC’s costs and to allo- 
cate the results to users. The scope of this research, however, did not 
include the collection of new data. Therefore, the procedure followed has 
been to take known information from several sources (Appendix A) and 
extrapolate this over the entire 292,003-kilometre network. This should not 
be confused with characteristics developed on the basis of an actual survey: 
the information shown in Tables 5.1 through 5.3 is little more than an edu- 
cated guess about fleet and traffic characteristics in Canada and, because 
of the nature of the information used, it has an Ontario bias to it. 


Six aspects of vehicles and traffic are required for most cost-allocation 
exercises: 


¢ Total vehicles; 
¢ Vehicle kilometres of travel; 


¢ Average weight measured in two ways: average actual weight or GVW 
and average registered weight or RGVW; 


¢ Traffic volumes measured as AADT; 
¢ Proportion of trucks in the AADT; and 


° Average LEFs per vehicle. 


Most cost-allocation studies separate vehicles into categories, sometimes 
by class of road. Attempts were made to do this in this study but the results, 
particularly when applied to provincial data on road costs, were not credible. 
It was found that road information (road classes by length and associated 
costs) could be “built up” from the level of the individual jurisdiction to the 
level of a national average with confidence, but that the same was not true 
for vehicle and traffic characteristics. Traffic volumes are considerably lower | 
in-Western Canada, for example, than in Southern Ontario. More serious 
was that the nature of trucks changes from one province to another. In 
Western Canada trucks have neither the liftable axles (which often have 
high LEFs) nor the high axle weights found in Eastern Canada. 


MD 


The procedure adopted, therefore, was as follows. Available information 
from some provinces was used to develop a very aggregate national profile 
for vehicle and traffic characteristics. Only two truck types were recognized: 
large and small. Given the available data, it was not even possible to provide 
a precise definition of the demarcation line between “large” and “small” 
although for convenience it is considered here to be an RGVW of 4.5 tonnes. 
These aggregate data on vehicles and traffic were then used in conjunction 
with the TAC data to perform various cost allocations (Section 7). Once 
_certain unit costs were developed on this basis — such as pavement costs 
per LEF-km — the results could then be used to develop the costs of an 
individual vehicle operating on a particular road — for example, a six-axle 
tractor-semitrailer on a paved rural road. However, because of the confiden- 
tially of the TAC data, this could not be done on a provincial basis. 


The fleet and the characteristics of the vehicle classes are shown in 
Table 4.1. Traffic and the proportion of large trucks in this traffic are 
shown in Table 4.2. 


Table 4.1 
THE FLEET AND FLEET CHARACTERISTICS 
(circA 1989) 


Average Annual Average Average 
annual VKT GVW RGVW Average 
Vehicles Population km (billion) (tonnes) (tonnes) 


Passenger cars | 10,249,054 17,380 : : ; 0.00001 
Trucks 
— small 2,309,194 18,000 : F : 0.00007 
— large 509,381 44,448 
Buses 62,494 19,000 
Motorcycles, etc. 377,997 3,700 
Other 71,846 10,000 


Source: Table A.1. 


Table 4.2 
TRAFFIC VOLUMES 
(circa 1987-1990) 


Freeway 

Paved (urban) 

Paved (rural) 
— busiest 10% ; 
— medium-volume 30% 
— low-volume 60% 

Surface-treated 

Gravel 

Earth 


5, PAVEMENT ECONOMICS 


5.1 INTRODUCTION 


This section extends the discussion in Section 2 by considering pavement 
costs. Illustrative examples are developed using Ontario costs for construc- 
tion and resurfacing and the OPAC model described previously. Since 
conditions in other parts of the country are different, the results may not 
be fully applicable to the whole country. . 


The following questions were examined: 


¢ Given the choices made when designing a pavement — the most important 
one being the decision on the initial pavement life — how do pavement 
costs behave? 


¢ What portion of pavement costs vary with the number of LEFs? 


¢ Are TAC’s unit costs for maintenance, resurfacing and reconstruction 
reasonable? 


¢ Can the adjusted TAC costs be further adjusted so as to produce a more 
“optimal” road cost (that is, optimal with respect to initial pavement life 
or durability) ? 


5.2 MAINTENANCE COSTS 


“Maintenance” means routine maintenance or expenditures not considered 
as capital expenditures. This differs from usage in other studies where 
maintenance includes such activity as resurfacing. 


TAC’s information indicates that, in total, maintenance accounts for $1.8 bil- 
lion in annual expenditures and that the national average amounts to any- 
where from $3,663 to $10,355 per two-lane equivalent kilometre, depending 
on the class of road. More information is given in Table 5.1. The point to 
note is how much these costs vary from one jurisdiction to another. 


Maintenance costs, apparently, do vary enormously from one jurisdiction to 
another.® For example, in four provinces where detailed information has 
been obtained, snow and ice control varies from a low of $613 per two-lane 
kilometre per year to a high of $5,097. (Snow and ice are easy items to deal 
with as there is little confusion about how these factors are recorded in dif- 
ferent accounts.) In view of this variability, TAC’s costs for maintenance are 
not adjusted (other than the minor corrections discussed in Section 3). 


There are, though, the issues discussed in Section 2 to resolve: Are mainte- 
nance activities a function of initial pavement life? Are maintenance activities 
a function of traffic? What portion of maintenance is related to pavements? 
No answers to these questions have been found. The best that can be offered 
is a preliminary analysis (Appendix C) which suggests that the pavement- 
related portion of maintenance might be in the range of 6 to 20 percent. A 
figure of 15 percent is used in this study as a guess at the national average. 


Table 5.1 
TAC’s DATA ON MAINTENANCE CosTs PER KILOMETRE 
(1989 $) 


Freeway 

Paved (urban) 
Paved (rural) 
Surface-treated 


Gravel 
Earth 


Source: RTAC Lotus files, as adjusted. 
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5.3 RESURFACING COSTS 


TAC’s information suggests that resurfacing costs amount to $1.5 billion a 
year, this being a function of unit costs — which vary from zero in the case 
of earth roads to $90,385 per two-lane kilometre in the case of freeways — 
and the duration of the overlay. In TAC’s data, this second item is unrealisti- 
cally variable. Hence, in Section 3 these costs were adjusted downwards to 
a level of $0.7 billion, but even this amount is based on leaving any of TAC’s 
duration figures of between 5 and 25 years in place. More information on 
the original TAC data is shown in Table 5.2. (These are the unit costs of 
resurfacing, not the average annual costs.) 


Table 5.2 
TAC’s Dara on RESURFACING CosTs PER KILOMETRE 
(1989 $) 


Freeway 170,000 
Paved (urban) 80,000 


Paved (rural) : 120,000 
Surface-treated ‘ 63,900 
Gravel : 18,000 
Earth 0 


To calculate pavement costs in the illustrations which follow, typical Ontario 
overlay costs are used based on a thickness of between 50 mm for light 
traffic to 90 mm for heavy traffic. The life of the overlay is assumed to be 

12 years. (Overlay costs shown apply only to roads with flexible asphalt 
pavements. The costs of resurfacing other roads in TAC’s data are not known. 
Further, as has been described in Section 3, it is not clear how many prov- 
inces actually resurface surface-treated or gravel roads.) The typical Ontario 
overlay costs, then, are as follows: 


Annual Overlay costs 

ESALs (two-lane km) 

250,000 _ $55,000 
1,000,000 $65,000 


2,000,000 $75,000 


While conditions and costs vary from province to province, it is difficult to 
accept the highest numbers in TAC’s data. Part of the reason, both for the 
variability among provinces and the general level of TAC’s costs, is explained 
in the following passage: 


The roadway manager generally will attempt to hold other restoration 
activities until the resurfacing must be done. This includes such activities 
as curb renewal, widening of shoulders, intersection improvements 

and so on. Several contracts were analyzed to determine the per- 
centage these items represented of the basic cost of resurfacing. 

The average was found to be 15%. Unit costs for resurfacing include 
these percentages. (RTAC, 1987b, pp. 15-16) 


In other words, TAC’s information is not just for the costs of keeping 
existing roads in place in perpetuity. It also includes improvements to 

the quality of the roads. To construct an optimal cost for this study, any of 
TAC’s figures lying within plus or minus 20 percent of the Ontario figures 
given above are used. No adjustments are made to TAC’s held is for 
surface-treated, gravel and earth roads. 


Optimal resurfacing 


costs and duration Accepted TAC values 
(per two-lane km) (per two-lane km) 
$ years ran years 
Freeways 65,000 12 52,000—78,000 9-14 
Paved (rural) © 55,000 12 44,000-66,000 9-14 


5.4 CONSTRUCTION OR RECONSTRUCTION COSTS 


TAC’s information on reconstruction suggests a total annual amount of 
$1.3 billion. National average unit costs vary from a low of $7,483 for earth 
roads to a high of $522,482 for freeways on a two-lane equivalent basis. 
The variability among the provinces is much greater than this as shown, in 
part, in Table 5.3. No significant adjustments were made to these costs in 
Section 3. As with TAC’s figures on resurfacing though, there is a suspicion 
that “reconstruction” involves more than just reconstructing pavements. 
Although none of TAC’s background documents provide any explanation, 
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conversations with a member of the RTAC committee which developed the 
numbers indicate that “reconstruction,” in the case of some (perhaps all) 
provinces, was taken to mean both the reconstruction of the pavement and 
any required improvements. “Reconstruction,” it was explained, “could 
involve changes to the road alignment and/or the vertical geometry.” For 
this reason, then, the figures in Table 5.3 have to be seen as something 
more than just the cost of maintaining Canada’s road network in their 
current state indefinitely. 


Table 5.3 
_ TAC’s Dara on Reconstruction Costs PER KILOMETRE 
(1989 $) 7 


Freeway 522,482 1,000,000 200,000 
Paved (urban) 401,152 550,000 234,300 


Paved (rural) 303,325 430,000 100,000 
Surface-treated 167,280 430,000 
Gravel 22,504 106,500 
Earth 7,483 17,483 


To analyze construction costs, the OPAC model described in Section 2 was 
used along with the following costs: 


Surface course 1 $950/mm/two-lane-km 
Base and sub-base courses $200/mm/two-lane-km 


Figure 5.1 shows construction costs as a function of initial pavement life for 
three levels of annual axle loads. In looking along any individual curve, it is 
evident that moderate increases in costs add many years to initial pavement 
life. Second, in considering the distance between the curves, it is evident 
that moderate increases in costs add enormously to the number of ESALs a 
pavement can accommodate. These vertical distances show the economies 
of scale described previously. For example, with a pavement life of 15 years, 
costs are $197,079 for 250,000 ESALs and $237,587 for two million ESALs — 
a 21 percent increase in costs for an eight-fold increase in load-carrying ability. 


Figure 5.1 | 
CowsTRUCTION Costs AS A FUNCTION OF INITIAL PAVEMENT LIFE 
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Without considering (yet) the portion of deterioration caused by the 
environment, the average total-cost-per-ESAL curves in Figure 5.2 also 
demonstrate something about construction costs. Averages have been 
calculated as the construction costs shown in Figure 5.1 divided by annual 
ESALs times the number of years of initial pavement life. As shown, average 
costs — without accounting for environmental deterioration — decrease as 
the initial pavement life is extended, and as traffic loadings increase. The 
lowest total average cost per ESAL, then, is found on a road with heavy 
truck traffic built with a pavement designed to last a long time. 


Another point to note about construction costs is shown in Figure 5.3 where 
costs for two design lives vary with annual ESALs. The data from which this 
is generated are based on slightly different costs per millimetre than the 
information used in other graphs. It can be seen that, after a certain point, 
the curves are relatively flat. This demonstrates the same point as that 
illustrated by the vertical distance between the curves in Figure 5.1: small 
additional amounts spent on construction accommodate large increases 

in loadings. Second, the division between load- and environment-related 
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deterioration can be more or less “read” off this graph. In the absence of 
any axle loads, a pavement with a 15-year initial life has a cost of $70,000. 
For a 20-year life, the cost is $94,000 with no traffic loadings. Moving to the 
right on the graph, all the additional costs are attributable to load. So, for 
example, at 250,000 ESALs on the 15-year curve, costs are $149,000. At 
this point about half of the construction costs arise because of load-related 
factors, and the other half because of environmental factors. 


There are qualifications, though. First, the precise values of $70,000 and 
$94,000 are not fixed. That is, for the illustrations used in this report, a num- 
ber of values for typical construction costs per millimetre were used and, as 
a result, the curves in Figure 5.3 move up and down somewhat. Second, the 
above discussion makes it appear as if the environmental and load-related 
costs of construction are independent. As discussed in Section 2, while the 
OPAC model does separate the two, load and environment work together 

in causing deterioration. 


Figure 5.2 
ConstRucTION CosTs Per ESAL 
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Figure 53 
ConsTRucTION CosTs AS A Funcrion oF ESALSs 
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5.5 MINIMUM LIFE-CYCLE COSTS 


In Canada, it is normal in pavement design strategy to minimize initial pave- 
ment construction costs, pavement resurfacing costs, and delay costs to 
traffic created by resurfacing and reconstruction operations. The following 
discussion of minimum life-cycle costs, however, does not include the 

third item — delay costs. 


The terminology used is: 


= construction costs per two-lane kilometre 

= resurfacing costs per two-lane kilometre 

annual maintenance costs per two-lane kilometre 

= time horizon 

nN, = initial pavement life (that is, the period during which RCI declines 
from 8.5 to 4.5) 


z=Eno 
H 


980 


no = overlay #1 life, assumed to be 12 
n3 = overlay #2 life, assumed to be 12 
r = discount rate 


The first way of looking at the problem is as follows: 


R R 


(1+ r)¥-1 
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Ptect. 1) 


Total cost = C+ 


The last term, the present value of annual maintenance costs, does not affect 
the analysis and, therefore, is ignored. In Figure 5.4, cost curves — that is, 
the present value of construction and resurfacing costs — for three levels of 
annual ESALs are shown using a discount rate of 5 percent. The curves for 
the higher annual axle loadings are quite flat, suggesting that the choice of 
an initial pavement life is not critical. For example, in the case of two million 
ESALs, there is only a 2.2 percent difference between the highest and 
lowest cost. The curve for 250,000 annual ESALs does rise continuously, 
suggesting that the optimum strategy may be to build pavements with 
short lives for low-volume roads. 


For a high ESAL load, increased construction costs of thicker and thicker 
pavements are just about offset by the savings in the present value of resur- 
facing costs. That is, longer initial pavement lives “push” resurfacing time 
further into the future and the effect is about equal to the increase in initial 
costs. For low-volume roads (low annual ESALs), construction costs rise 
more rapidly as initial pavement life is extended, and the offsetting advan- 
tage of delaying resurfacing expenditures is less important. (In the previous 
Figure 5.1, the 250,000 ESAL curve has a steeper slope than the other two.) 


The discount rate affects the analysis and, in Figure 5.5, the three curves are 
recalculated using 10 percent.® The slopes are all slightly steeper, although 
in the case of two million ESALs the difference between the highest and 
lowest cost is still relatively small (7 percent). 


Figure 5.4 
Presenr VALUE OF LiFE-CYCLE Costs (1) 
(R =5 %) | 
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In case one pavement cycle is not a sufficiently long time period in which to 
analyze optimum pavement lives, the curves in Figures 5.6 and 5.7 show 
what happens when two cycles are included. In other words, these are 
based on: 

¢ current construction costs; 

¢ resurfacing costs n; years and nj + N29 years in the future; 


* reconstruction costs n; + Nz + N3 years in the future; 


¢ resurfacing costs n; + No +:N3 +N, and ny + N2+N3z+ N71 +N years in 
the future. 


Figure 5.5 
Present VALUE OF LiFe-CycLe Costs (2) 
(R= 10%) 
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As shown in Figures 5.6 and 5.7, the curves are much flatter when two pave- 
ment cycles are included in the analysis. With a discount rate of 5 percent, 
the 250,000 ESAL curve rises initially and, at 17 years, gradually declines. 
The one million ESAL curve is almost flat with only a 5-percent difference 
between the highest and lowest point. In the case of two million ESALs, 
costs fall slowly throughout the entire range: costs at a 40-year initial pave- 
ment are 11 percent lower than with a five-year initial pavement life. Again, 
an increase in the discount rate “tilts” all the curves back up to the right. 


A qualification to this analysis concerns delay costs. Their inclusion has the 
effect of giving all of these curves a more negative slope. In other words, 
deferred resurfacing costs along with deferred delay costs increasingly out- 
weighs the additional construction costs for pavements with longer initial 
lives. This does not, however, quite resolve the issue of the optimum pave- 
ment life. Aspects of pavement performance are poorly understood. A 
difference of perhaps 10 to 15 percent in total life-cycle costs may not mean 
much for an asset whose life can vary by 50 percent or more because of a 
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variety of factors — variations in construction quality, short-run changes 
in traffic, variations in material properties — which are not yet included in 
performance models. 


The conclusion that emerges from this analysis is that, for the purpose of 
developing costing procedures for Canadian roads, there is no evidence 
that pavements are being built with less than optimum durability. Any initial 
pavement life of about 15 years or more seems to be optimal in terms of 
minimizing total life-cycle costs. For the busiest roads, in terms of axle 
loads, an optimum pavement life may be somewhat longer than 15 years 
(particularly if delay costs are considered). For the lowest-volume roads, 
there may even be some reason to consider pavement lives of less than 

15 years.’ 


Figure 5.6 
Present VALUE OF LiFe-CycLe Costs (3) 
( R=5 %) 
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Figure 5,7 s 
Present VALUE OF Life-Cycle Costs (4) 
(R - 10%) 
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5.6 OPTIMAL ROAD COSTS 


For the purpose of costing in Section 7, two sets of TAC costs are used: 
“adjusted” as described in Section 3, and “optimal” (ignoring any con- 
sideration of demand) as developed in this section. 


Maintenance: These are the same as the adjusted costs described in 
Section 3. For the purpose of calculating the costs that vary with usage, 
it is assumed that 15 percent are pavement related. 


Resurfacing: These are as described in subsection 5.3. That is, for freeways, 
any TAC numbers between $52,000 and $78,000 and a duration of between 
9 and 14 years remain unchanged. Other values are set at $65,000 and 

12 years. For other paved roads, rural or urban, any TAC numbers between 
$44,000 and $66,000 with a duration of 9 to 14 years remain unchanged. 
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Other values are changed to $55,000 and 12 years. TAC’s figures for the 
remaining three classes of roads are not changed (except for the 
adjustments described in Section 3). 


Reconstruction: Given the analysis in the preceding section, these are the 
figures used for optimal TAC costs: 


Optimal reconstruction 


costs and duration Accepted TAC values 
(per two-lane km) . (per two-lane km) 
$ years $ years 
Freeways 225,000 45 180,000—270,000 40-50 
Paved (rural) 200,000 45 160,000—240,000 40-50 


Reconstruction costs in TAC’s data for other roads are not changed. 


The newly calculated optimal TAC costs are shown in Tables 5.4 to 5.6. 
Administration costs have been adjusted downwards since they are 
calculated as 4.1 percent of all other costs. 


Table 5.4 
OPTIMAL TOTAL MAINTENANCE AND PaveMmeNT CosTs 
(TOTAL ANNUAL COSTS, MILLIONS OF 1989$) 


Freeway 
Paved (urban) 
Paved (rural) 


Surface-treated 
Gravel 
Earth 


Table 5.5 
OPTIMAL AVERAGE [MAINTENANCE AND Pavement Costs 
(ANNUAL COSTS PER TWO-LANE KILOMETRE, 1989 $) 


Freeway 
Paved (urban) 


Paved (rural) 
Surface-treated 
Gravel 

Earth 


Table 5.6 
Optimal TAC Roap Costs: SUMMARY 
(MILLIONS OF 1989 $) 


Annual maintenance $1,830.1 
Pavement 

— resurfacing 

— reconstruction 

— total 


Bridges 
Administration 


$3,915.8 


6. Costin METHODOLOGIES 
6.1 INTRODUCTION 


To an economist, “the cost of an event is the highest-valued opportunity 
necessarily forsaken.” (Alchian, 1977, p. 301). The purpose of the cost con- 
cept is to enable choices to be made among available options. This did not 
raise many difficulties as long as traditional economic analysis concentrated 
on single-product firms. But, in reality, many production processes yield 
more than one product. The question then becomes one of knowing how 

to allocate the costs of a common input among joint outputs. 


lf, for example, an airplane carries passengers and freight, what portion of 
the costs of gasoline, labour and facilities should be attributed to each? 
The airline itself does not have to make this allocation of common costs; its 
interest is in ensuring that the total cost of the whole set of joint products is 
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less than the total revenue from their sale. To maximize revenues, it has to 
ensure that the marginal revenue from the sale of each of the joint products 
equals or exceeds the marginal cost of their production. Market prices will 
be those instruments which allocate the amount produced among the com- 
peting consumers and yield a maximum wealth to the producer. In other 
words, pricing and output decisions can be made even though common 
costs cannot be assigned. 


This normative argument which is based on the role of rationing by market 
prices explains why economists have long considered certain cost allocations 
unnecessary and possibly misleading. For instance, Stigler warns that “any 
allocation of common costs to the product is irrational if it affects the amount 
of the product produced, for the firm should produce the product if its price 
is at least equal to its minimum marginal costs.” (Stigler, 1966, p. 165). 


But many situations, internal as well as external to the activities of the firm, 
generate needs to allocate common costs and, therefore, to develop prac- 
tices which are consistent with the required use. Consider, for example, 
accounting rules and/or tax regulations. These may require firms to allocate. 
joint costs. Or, consider a firm’s efforts for internal efficiency. In effect, in 
large firms it may be necessary to allocate costs to set internal prices. The 
computer division of a company, for example, may “charge” other divisions 
for computer time. The objective of allocating costs is to ensure the cooper- 
ation of different managers in maximizing joint profits. Large firms, there- 
fore, need cost allocations to define and design managerial incentive and 
reward structures when decentralized decision making prevails. 


Regulation is an example of where actions external to a firm give rise to the 
need for cost allocation. The regulator, acting as an alternative to the market 
pricing mechanism, needs information on how common costs should be 
allocated among different products if the actual economic forces at work 
are to be changed or modified. 


The case of a public road, however, is different from a private firm which 
may allocate costs for internal or external reasons. Here there is a complete 
dissociation between the way the product is offered (the service of the road 
according to the principle of first come, first served) and the manner in 
which fees are collected (registration fees and fuel taxes prepaid before 
consuming the output of the road). To understand the role of cost allocation 
in this context, consider the characteristics of the industry: 


¢« Revenues from users (that is, those levies in Canada which have tradi- 
tionally been considered “road-user taxes”) are not tied to road expendi- 
tures. (With one or two minor exceptions, this is generally true in Canada.) 
This raises the issue, then, of the role of cost allocation under a system 
which does not use explicit road prices and which does not link any tax 
with road expenditures. 


¢ There are economic indivisibilities in building roads (that is, investment is 
“lumpy”) which means — in considering an individual road — there are 
economies of scale. This has traditionally been used to identify a natural 
monopoly. The issue becomes one of setting prices and of relating these 
prices to various notions of cost in a situation where there are increasing 
returns to scale. 


¢ An individual road has a given capacity. In places where traffic volumes 
approach this limit, cost-allocation studies attempt to measure a capacity 
cost. But, in places where traffic volumes are less than the capacity of the 
road — a situation which characterizes most Canadian roads — roads are 
a pure public good. “As long as there is neither wear nor congestion, 
the services of the road should be free since they are pure social goods.” 
(Walters, 1968, p. 20). 


A road, however, is only one part of a network. This further complicates the 
allocation of costs and the relationship of these costs to user-charges. Some 
have envisaged the network as an industry producing two services: car 
travel or traffic capabilities and truck travel or load-bearing capabilities. 

The question is whether each production occurs under constant returns to 
scale or not. There is agreement with respect to the load-bearing capability 
of pavements: there are sharply increasing returns to scale (see Sections 2 . 
and 5). But, in the case of traffic output, there is no consensus. Some 
suggest that capacity increases faster than the number of lanes. Others 
argue that the need for, and cost of, intersections grows faster than road 
width and, further, that the cost of the land in dense urban areas favour 

the decreasing returns to scale argument. 


A second question, following from the first, is whether or not there are 
economies of scope. Diseconomies of scope exist if the cost of producing 
traffic volume and traffic axle-loadings jointly is more than the cost of sepa- 
rate production. The essential idea here is captured in the following: “the 
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wider the road is made in order to accommodate more cars, the greater the 
cost of any additional thickness required to handle a heavy vehicle, because 
all the lanes must be built to the same thickness.” (Small, Winston and 
Evans, 1989, p. 102). 


Many of these arguments (and questions), however, are unnecessary in the 
context of Canadian roads, the vast majority of which operate at less than 
capacity volumes. This point is not obvious to those who spend their time 
on the few sections of the network around major urban areas which are 
congested, or those who travel on some interurban highways on a July 
weekend. Nevertheless, it remains true — see the rough estimates of 
AADTs® in Section 4 — and the implication is that an optimal road user- 
charge will not recover the full cost of the road network. The underlying 
assumption of any Canadian costing study, therefore, should be that there 
are increasing returns to scale and, further, that a marginal cost pricing 
scheme will not produce revenues equal to road expenditures. 


6.2 APPLICATIONS 


Theoretical foundations aside, there are four commonly recognized costing 
methods in use. These follow the terminology of the Trucking Research 
Institute in the United States. (The Urban Institute, Sydec, Inc., 1990) 


The incremental method: Used in the 1956 federal study in the United States, 
this is based on the concept of avoidable costs: if a cost can be avoided 
because a particular vehicle class is excluded, then this cost is properly | 
attributable to that class. In effect, the methodology recognizes a base road 
and associated cost which is assigned to all vehicles. Pavement costs are 
assigned to all vehicles in proportion to axle-miles and other costs (bridges, 
grading) in proportion to vehicle-miles. Costs for features of the road not 
included in the base system are assigned to larger and heavier vehicles. 


The federal method: Also developed in the United States in the 1982 FHWA 
study, this method has been further generalized in Australia and the United 
Kingdom. Although similar in its basic philosophy to the incremental 
approach, the two methods differ in the way they allocate pavement costs 
and bridge replacement and repair costs. The first major difference lies in 
the definition of a minimum pavement and the use of ESALs for allocating 
pavement costs over and above this minimum. The incremental method 
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benefits users with heavy axles as, in effect, they capture all of the benefits 
of the economies of scale inherent to pavement strength production. The 

use of ESALs in the federal method assigns these costs equally to all vehicles 
in proportion to their responsibility for ESALs. Secondly, under the federal | 
method, expenditures for rehabilitation and replacement which were not 
taken into consideration under the incremental method, are based on 
distress models which simulate the consumption of pavements. Finally, 
rather than allocating bridge replacement and repair costs in proportion to 
the allocation for new bridges as the incremental method does, the federal 
method uses a bridge replacement function. 


The benefits-based method: This assigns cost responsibility across road 
user classes in proportion to some measure of differential benefits derived 
from highway expenditures. It is a variant of the benefit theory of taxation 
holding that people should be taxed according to benefits received from 
government expenditures. The underlying principle is to reproduce, in the 
public sector, the one-to-one relationship which exists in a market economy 
between benefits received and opportunity costs incurred. To allocate bene- 
fits, however, consistent information on operating costs, travel time costs 
and accident costs of road users is required. This is difficult to find. In any 
case, most have rejected the benefits method as it is at odds with the 
efficiency goals of public policy. 


The marginal cost method: Often advocated by economists but rarely used 
in practice, this method holds that users should pay the marginal social cost 
of using the road network. Until recently the required procedures for allo- 
cating costs in this manner were not well developed. The 1982 FHWA study 
made an attempt at such an approach in one of its appendices (U.S. FHWA, 
1982, Appendix E). More recently, Newbery (1988a, 1988b) and Small, 
Winston and Evans (1989) have presented theoretical frameworks and 
applied the results, respectively, to the United Kingdom and the United 
States. In general, the marginal cost method considers two categories of 
cost: the private cost of road use and the social road-use costs. The first 
category includes the vehicle operating costs and the cost of the operator's 
time. The second category includes costs borne by third parties: highway 
agency costs, pollution costs, road damage costs (that is, the passage of a 
candidate vehicle raises the costs of subsequent vehicles by, for example, 
making the pavement rougher) and congestion costs. There is disagreement 
as to whether the correct cost is a short- or a long-run one. 
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The underlying philosophy of these four approaches is different. The first 
three are based on equity principles, whereas the last one is essentially effi- 
ciency-oriented. More specifically, among the equity methods, the first two 
put the emphasis on the use of costs as an allocation device and the third 
puts the emphasis on benefits received. The incremental and federal methods 
attempt to determine equitable cost allocations among various user classes 
according to a cost-occasioned standard. Although the benefits-based 
method shares the same equitable principle, it proceeds by allocating bene- 
fits to highway user classes rather than costs. Finally, the marginal cost 
method, which searches to promote economic efficiency is not constrained 
by having to consider road expenditures as total costs.2 The basic principle 
is that each trip should be priced at its marginal social cost. This marginal 
cost pricing rule, then, does not involve allocations of costs among users. 
For this reason, it is similar to the situation encountered by a multi-product 
firm where the only concern is that marginal revenues equal or exceed 
marginal costs. | 


6.3 COSTING STUDIES 


6.3.1 1982 FHWA Study 


One of the more widely emulated cost-allocation studies was undertaken in 
the early 1980s in the United States. In it, capital expenditures are separated 
into three categories: pavement, bridges and other. There are no annual 
(that is, non-capitalized) costs included. Pavement costs consist of new 
pavements, either rigid or flexible, and pavement rehabilitation which con- 
sists of resurfacing, restoration, rehabilitation and reconstruction (“4-R” 
costs). The main elements of bridge costs are new bridges, replacement 
bridges and bridge repairs. The third “other” category consists of right-of- 
way, grading, and other miscellaneous capital costs such as administration, 
planning, and preliminary engineering. 


New pavement costs are assigned in a two-step procedure: the costs of 
minimum pavement thickness are treated as common costs and allocated on 
the basis of vehicle-miles of travel (VMT), and the costs of extra pavement 
thickness are based on the relative consumption or damage of pavements 
by vehicle classes and are allocated on the basis of ESALs. Pavement 4-R 
costs are assigned to each vehicle class according to distress models and 


Mm 


the relative importance of each type of distress. The distress models take 
into account the interaction of the environment and the repetitive passage 
of ESALs. 


New bridge costs are allocated on the basis of the incremental strength 
method; that is, over and above a certain minimum strength, additional 
costs are assigned on the basis of GVW. Bridge repair costs are treated 
as a residual, and the costs of replacement bridges have a special set 
of relationships to vehicle characteristics. 


The third or “other” category consists of grading and drainage costs which 
are first allocated on the basis of vehicle weight-to-horsepower ratios; and 
lane-width costs which are first allocated on the basis of width characteris- 
tics of vehicle classes. As a second step, all of these costs are translated 
into costs per VMT. 


These three capital costs are allocated to three highway classes: interstate 
highways, other arterials and collectors, and local roads and streets. Further, 
these three highway classes are costed in either rural or urban settings. 

In Table 6.1, a Summary is shown of the distribution of costs among 

two vehicle classes by allocation factor. In total, the FHWA approach 
assigns 59.9 percent of costs to passenger vehicles and the remaining 

41.1 percent to trucks. Most of the passenger vehicles share of costs can 

be explained by its responsibility for the residual factor (VMT) whereas most 
of the trucks share of costs can be explained by its responsibility for ESALs. 


Table 6.1 
FHWA DistRIBuTION OF HicHway Costs 
(CARS VERSUS TRUCKS, BY ATTRIBUTABLE VERSUS RESIDUAL ne 


| Allocation Factor | Factor 
Attributable Residual 
Vehicle class Total costs (ESALs) (VMT) 
Passenger vehicles 59.9% 16.7% 42.2% 
Trucks 41.1% 36.6% 4.5% 


Source: U.S. FHWA, 1982, p. I-9. 


6.3.2 U.K. Cost Study 


The U.K. allocation of costs is more complete than the 1982 FHWA allocation 
as it estimates expenditures by both central and local government. It then 
attributes these among users according to many factors. Expenditures 
include capital and maintenance road costs, and policing and traffic warden 
costs. The FHWA study only dealt with the first of these. The U.K. procedure 
uses five allocation factors: maximum gross vehicle weight (max GVW), 
passenger car units (PCU), travel distance (VKT), average laden gross vehicle 
weight (av GVW), and standard axle loads (indicated here as LEFs). Most 
are multiplied by the total kilometres for each vehicle class (av GVW-km). 
Four road classes are recognized, including what would be considered 
“local” or “municipal” roads in Canada. 


Capital expenditures are allocated to vehicle classes in a two-step procedure: 
the first resulting in 15 percent of costs allocated to vehicles over 1.525 tonnes 
in tare weight, with the allocating factor being max GVW-km; and the 
second resulting in the remaining 85 percent of costs being allocated to all 
vehicles according to their PCU-km. The allocation of maintenance costs 
(which has a broader meaning than in TAC’s data) is “based on expert 
advice from highway engineers and research scientists” (U.K. DoT, 1990-91, 
p. 1). The allocation factors are VKT, av GVW-km, and ESAL-km. As with all 
allocations, there are arbitrary aspects to these U.K. procedures. 


Table 6.2 shows the result of the U.K. method for fiscal year 1990-91. 
Overall, 67.7% of the costs are allocated to passenger vehicles (cars and 
buses), 23.6% to trucks and 8.7% to pedestrians — the main component of 
the “other” user class. The use of incremental procedures results in most 
capital costs being assigned to passenger vehicles as they account for most 
travel (84.7% of the PCU-km), with much of the balance being assigned to 
trucks as they account for most of the weight (85.7% of the max GVW-km). 
Current expenditures, on the other hand, are allocated primarily to passenger 
vehicles as, again, they account for most of the travel (VKT) and a large 
proportion of the actual weight on the roads (av GVW-km). The major 
portion of current expenditures allocated to trucks arises because of their 
responsibility for most of the axle loads. 


Table 6.2 
U.K. DoT Distripution oF Hichway Costs 
(VEHICLE CLASSES, ALLOCATION FACTORS, 1990-91) 


: max Vehicle- av 
Vehicle class Total GVW-km|_ Total km GVW-km| LEF-km |_ Total 


Cars 

Trucks 

Other (incl. 
pedestrians) 


6.3.3 Australian Study 


As in the U.K. research, the Australian study’s estimates of road costs “are 
based on the allocation of all the financial costs incurred by road authorities 
in the provision of road infrastructure, in road maintenance, and in the super- 
vision of road use.” (Australia, Inter-State Commission, 1990, p. 78). The 
procedure distinguishes two types of expenditures: separable, or those which 
can be reasonably associated with the use of the road; and non-separable, 
or those which are common to all users. The allocating factors for separable 
expenditures are VKT, PCE-km, max GVM-km, and LEF-km. The factor for 
non-separable costs is VKT. The number of vehicles is also used as an 
allocation factor for “miscellaneous” expenditures. 


All arterial roads — national highways, national and local roads — are con- 
sidered. Table 6.3 shows the results for two vehicle classes by the allocation 
factor in 1989-90. As shown, 68.9% of the costs are assigned to passenger 
vehicles and 31.1% to trucks. Road costs are allocated to passenger vehicles 
primarily because of their responsibility for total travel (91.4% of VKT and 
81.7% of PCE-km). The share of costs allocated to trucks arises because of 
their responsibility for axle loads (96.1% of total LEF-km) and the total 
weight on the road (77.4% of total maximum GVW-km). 


Table 6.3 
AUSTRALIAN DISTRIBUTION OF Rob Costs 
(BY VEHICLE CLASS, BY ALLOCATION FACTOR, 1989-90) 


Costs allocated i 
Max 
Vehicle class Total costs LEF-km GVW-km | # Vehicles 


Passenger 68.9% 91.4% 81.7% 3.9% 22.6% 95.9% 
Truck 31.1% 8.6% 18.3% 96.1% 77.4% 4.1% 


The study considers other costs associated with road use, namely, accidents, 
congestion, noise and atmospheric pollution. However the estimates for 
these are not included in the global figures. The authors also mention an 
issue raised by the World Bank: the effect of environmental factors on road 
deterioration (Paterson, 1987). However, after raising some concerns about 
the specification and interpretation of Paterson’s model, they conclude that 
their non-separable cost estimates compare well with Paterson’s guidelines. 


6.3.4 Haritos’ Study 


The only Canadian research is Haritos’ monograph for the Canadian Transport 
Commission in 197319 updated, in part, with the use of RTAC data in 1989 
(Nix, 1989). The methodology draws heavily on the incremental method 
from the first federal study in the U.S. Road expenditures included are: 
capital (including land), maintenance and policing and justice costs. Capital 
costs are divided between escapable (those which vary with usage) and 
inescapable (those which do not vary with usage) according to one of 

two assumptions: either all capital costs are inescapable or else two thirds 
of capital costs are inescapable. Similarly, maintenance is classified into 
escapable and inescapable categories. In this case, though, the separation is 
made on the basis of a lengthy analysis of specific items contained within a 
maintenance account and some guesswork as to how these vary with usage. 
Costs, both capital and maintenance, are then allocated to vehicles on either 
an annual basis (inescapable) or on a trip basis (escapable) according to a 
complicated series of what essentially are arbitrary assignments. The most 
important aspects of these are developed directly from the incremental 
method. The end result is a comparison of annual road revenues (making 
assumptions about what constitutes a road tax) and these elaborate assign- 
ments of costs. The findings and the methodology are dated by now and 
there is not much purpose served in describing them here. 
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6.3.5 Marginal Cost Studies 


Economists argue that roads should be viewed as a valuable and scarce 
resource and, therefore, their use should be rationed by the price mechanism. 
In the particular context of a road which is characterized not only by the pri- 
vate costs of road use, but also by externalities such as congestion, pollution, 
road damage and accidents, an efficient price implies that road users 
should pay the marginal social cost of using the road network, regardless 
of the particular trip undertaken. 


The 1982 FHWA study: an early application of the concept of a short-run margi- 
nal cost (SRMC) to roads is found in the 1982 FHWA study. Costs are calculated 
in a two-step procedure. First, private costs of road use paid by owners are 
computed: fuel, wear and tear, driver’s time and so forth. Second, the social 
costs arising from vehicles using roads and borne by third parties are calculated. 


The first of these social costs is pavement wear which is subdivided into 
two distinctive parts: pavement repair costs borne by the road agency and 
road damage costs borne by road users. Both are a function of axle loads. 
Environment and soil conditions are recognized for their potential effect 

on pavement deterioration, but are not taken into account for technical con- 
siderations. The portion of pavement wear borne by users arises because 
rougher pavements increase vehicle operating costs. 


- The second social cost is the cost of congestion which is subdivided into 
three parts: the decrease in speed below free-flow levels, implying addi- 
tional travel time; the increase in operating costs resulting from these 
delays; and the increase in the frequency of accidents. The first two parts 
are computed by using linear volume-delay functions whereas accident 
costs, though known to be important, are not incorporated because of an 
absence of good estimates. 


The third social cost is air, water and noise pollution arising from vehicle use. 
Air and noise pollution costs are computed; however, water pollution costs 
are not because of insufficient evidence on how to estimate efficient prices. 


The final result of these computations gives an idea of what an efficient 
user-charge system may be (see Table 6.4). They depend on the vehicle 
used, the location, the congestion (measured as a “volume-to-capacity” 
or V/C ratio) and the road class. 


ME 


Table 6.4 
FHWA Erricient User-CHARGES | 
(U.S, 1981 cents PER VIMIT) 


Vehicle Road-use |Congestion| Pollution 
type Location eto ee costs costs costs Total 
Auto 
— 3,000 Ib Rural ViG= 05 
(1.4 tonne) 
| Auto 
— 3,000 Ib Urban ViC = .85 
(1.4 tonne) 


Truck 3-axle ViC = .35 
— 40,000 Ib PCE = 1.2 
(18 tonne) ESAL = 0.8 


Truck 5-axle Urban ViC=.15 
— 72,000 Ib interstate PCE = 1.2 
(33 tonne) ESAL = 1.6 


Truck 3-axle Urban ViC = .25 
— 60,000 Ib collector PCE = 2.0 
(27 tonne) or rural ESAL = 4.0 


Truck 4-axle Rural 
— 100,000 Ib arterial 
(45 tonne) 


Truck 9-axle Rural ViC=.15 
— 105,000 Ib interstate PGE =13:0 
(48 tonne) ESAL = 1.0 


Source: U.S., FHWA, 1982, pp. E-53 and E-54. 


Small, Winston & Evans: a second application of a marginal pricing tech- 
nique was undertaken by Small, Winston and Evans (1989). Their proposal 
is general in that they integrate two economic principles: the first, an efficient 
pricing system to regulate demand for highway services, and the second, 
an efficient investment policy to minimize the total public and private cost of 
providing them. They compute a congestion cost for an urban expressway 
and a principal urban arterial respectively as a cost-per-peak-period PCE-mile. 
It varies from 14.5 to 15.1 cents (U.S.). They also compute the marginal 
cost of road wear on the basis of their model of pavement deterioration 
described in Section 2. This varies from 0.2 to 4.0 cents per ESAL-mile. 
These costs, both congestion and road wear, are only calculated for urban 
expressways and urban arterial roads. 
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Newbery: Newbery promotes the idea that road users should pay the true 
social cost of transport (Newbery, 1990, 1988a and 1988b). His main contri- 
bution to the debate lies in his road damage externality theorem which 
states that: “If the age distribution of roads of a given type is constant, and 
the traffic flow is constant, and all road damage is attributable to traffic, 
then the average road damage cost of a vehicle is identically equal to the 
average maintenance cost allocated in proportion to its number of equivalent 
standard axles. The road damage externality is zero.” (Newbery, 1988b, p. 305). 
Subsequent users’ costs are raised by the transit of a heavy vehicle (the 
cost raising effect) whereas the resulting road damage also brings forward 
the date of road repair (the cost reducing effect). Newbery’s theorem shows 
these two effects approximately balance each other. Therefore, when con- 
sidering road damage costs, only the pavement cost which reflects the 
increased cost of repairing the roads, and which is borne by the highway 
authority has to be considered." : | 


Newbery also considers congestion costs. By using statistical results from 
different British researchers, he computes a short-run marginal congestion 
cost (MCC) which varies by road classes (motorway, truck, principal and 
other), by period of time (peak and off-peak) and by vehicle types. This 
measure is expressed in pence per PCE-km. Table 6.5, taken from Newbery 
(1990, p. 29), presents some results for the United Kingdom for 1990. 


Table 6.5 
MARGINAL ConcEstion Costs IN GREAT Britain, 1990 


Motorway 

Urban central peak 
Urban central off-peak 
Non-central peak 


Non-central off-peak 
Small town peak 
Small town off-peak 
Other urban 

Other rural 
Weighted average 


Source: Newbery, 1990, p. 29. 


——————— 


Newbery also looks at accident costs in an aggregate manner, without 
relating them to road classes and vehicle categories. Pollution costs are 
only mentioned. 


Vitaliano & Held: the most recent contribution on marginal costs is from 
Vitaliano and Held (1990), but they examine only one of the costs included 
in an efficient pricing mechanism: road damage. Using a sample of 457 road 
segments in the State of New York, they estimate the road damage marginal 
cost generated by the cumulative numbers of ESALs passing over a given 
road surface. The management of this road network is characterized by a 
damage-sensitive maintenance strategy. That is, as is also the case in 
Canada, roads are resurfaced when a measure of serviceability (roughness) 
reaches a certain point. Moreover, they attribute 50 percent of pavement 
deterioration to the environment. Their estimate of a user-charge per ESAL- 
mile varies from 1.15 cents (U.S.) for rural and urban interstates to 28 cents 
for rural collectors. For a five-axle tractor-trailer weighing 80,000 Ib, pavement 
wear costs per mile vary from 3 cents when driving on rural and urban 
interstates to 74.2 cents when running on rural collectors. 


7. COSTING 
7.1 INTRODUCTION 


There are numerous ways to develop costs for Canadian roads: Which 
methodology should be used? What TAC data or what modifications to TAC 
data should be included? What assumptions should be made about traffic 
and vehicles? And what adjustments should be made in light of the analysis 
of pavements in Section 2? This section explores the possibilities. A cautionary 
note: all calculations could benefit from firmer data on construction costs, 
vehicles and vehicle characteristics. 


In subsection 7.2, the FHWA, the U.K., and the Australian methodologies 
are used with both the adjusted and the optimal TAC data on costs. In sub- 
section 7.3 an exploratory cost allocation is described which combines the 
best information from TAC with the information in Sections 2 and 5, along 
with features of the other allocation studies. In subsection 7.4 an attempt 
is made to calculate marginal pavement costs for existing roads. 
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7.2 FHWA, U.K. AND AUSTRALIAN METHODS 


A summary of TAC’s costs allocated according to the methods of other allo- 
cation studies is shown in Tables 7.1 and 7.2, with details in Appendix D. 
Observations are: 


¢ TAC’s maintenance and administrative expenditures are not incorporated 
into the FHWA method. If administration expenditures had been “loaded” 
onto other costs, the costs would be 4.1 percent higher than those shown. 
The main feature of the FHWA method shown in Tables 7.1 and 7.2 is 
the treatment of existing pavement costs. The only way of replicating 
this complex part of the FHWA method is to use one of the FHWA tables 
showing the final distribution of costs to various vehicle classes. This, 
however, introduces errors as the vehicle classes used do not match those 
available from Canadian data. Further, it is likely that the distribution 
of vehicles among these imperfectly matched classes is different in the 
two countries. For these reasons, the numbers shown in Tables 7.1 and 
7.2 under the FHWA method are not particularly meaningful. 


¢« “Maintenance,” as used in the U.K. DoT’s method encompasses all 
expenditures found in TAC’s data. The result is that none of the U.K. 
methods for treating what are referred to as “capital costs” is relevant. 
Capital costs for the U.K. DoT are expenditures for “new construction 
and improvements.” 


- The cost allocation in the U.K. method applies to a wider range of roads 
than those in TAC’s data. As a result, some judgement has to be used in 
knowing how much of the U.K. methodology to borrow. For example, 
“oedestrians,” as an allocation factor, have not been used in the numbers 
shown in Tables 7.1 and 7.2. 


¢ Under the U.K. method, all resurfacing and reconstruction costs, and a 
portion of maintenance costs (as defined here) are allocated to vehicles 
on the basis of ESAL-kilometres. There is no recognition that pavement 
deterioration is caused by factors other than axle loads. The result, as 
is evident in the numbers shown in Tables 7.1 and 7.2, is that trucks are 
assigned a large proportion of total costs. 


Table 7.1 
Cost Attocarions, Apyustep TAC Dara 
(1989 Can $) 


_ FHWA method 
pavement & bridge . 
costs only U.K. method — Australian method 


Total costs Total costs Total costs 
(millions) (millions) (millions) 


Passenger cars 521.4 Zl PRO 


Small trucks 408.5 : : , 548.8 
Large trucks 1,309.8 : , : 1,567.4 
Buses Oa oy : : ; are! 
Motorcycles, etc. 


Table 7.2 
Cost Attocations, Optimal TAC Dara 
(1989 Can $) 


FHWA method 
pavement & bridge 
costs only Australian method 


Passenger cars WAIST 2,050.6 


Small trucks ; : 293.8 . Lely 7 
Large trucks 5 : 2,474.6 : 1,308.6 
Buses : : 14.2 ; 16.8 
Motorcycles, etc. 


¢ The Australian method applies to a wider variety of expenditures than 
those included in TAC’s data. However, once the TAC accounts have been 
matched with the Australian accounts — a process which requires some 
judgement — the allocation procedure is relatively straightforward. 


¢ Under the Australian method, at least the portion of the methodology 
which is applicable to TAC’s data, non-separable costs — those which 
do not vary with usage — account for about two thirds of the total 
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(Appendix D,; Table D.7). As these are allocated on the basis of VKT, the 
result is that automobiles are assigned a far higher proportion of costs 
than in the other methods. 


7.3 AN EXPLORATORY ATTEMPT TO ALLOCATE TAC’S COSTS 


Appendix E describes an exploratory allocation method. It is exploratory in 
the sense that more work is required on many of the underlying variables 
before much confidence could be had in the results. Although it is possible 
to test the sensitivity of the results against assumptions made about the 
questionable variables — for example, that the average truck in Canada 
generates 1.5 ESALs — such work has not been done. | 


The method starts with TAC’s costs as described in Section 3. It then modifies 
these according to the information in Sections 2 and 5. Owing to the gaps in 
the knowledge about roads other than those with flexible pavements and 
owing to the insignificance of urban paved roads (in the network under 
consideration), only two classes of roads are considered: freeways and 

rural paved roads. In TAC’s original numbers these two classes account for 
76.6 percent of total maintenance and pavement costs (see Table 3.3). Rural 
paved roads, for this exploratory method, are separated into three categories 
according to the AADT estimates in Appendix A. 


The results are shown in the accompanying tables, starting with unit costs 
on Table 7.3. Expenditures are allocated in the following manner: 


¢ Administration costs, set at 4.12 percent of all other costs, are treated as 
a fixed cost and allocated on the basis of VKT. 


¢ Bridge costs, following the example of the Australian study, are treated in 
two components: 58 percent are fixed and allocated with VKTs; 42 percent 
are a function of vehicle weight and allocated on the basis of the average 
weight of vehicles times the distance driven (GVW-km). 


¢ TAC’s maintenance costs for rural paved roads are altered slightly so that 
the busiest roads have a higher cost per kilometre than the least travelled | 
roads (see Table 7.3). This is done to account for the fact that maintenance 
costs may be (partly) a function of traffic volumes. (The alterations do 
not change the average cost for all paved rural roads.) 
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The 15 percent of maintenance costs that are pavement related are added 
to other pavement costs. | 


Table 7.3 
Unit Costs 
(1989 § TWo-LANE EQUIVALENT BASIS) 


Maintenance Resurfacing Reconstruction 
Roads costs/km costs/km costs/km 


Freeway 10,355 65,000 225,000 


Paved (rural) 
— busiest 10% 9,292 65,000 200,000 
— medium-volume 30% 7,743 55,000 170,000 
— low-volume 60% 7,485 55,000 160,000 


¢ Pavement costs, which include resurfacing, reconstruction and a portion 
of maintenance, are a function of both axle loads and the environment. 
In this attempt to develop an allocation procedure, the proportion of 
deterioration attributable to environmental factors (E) has been set at: 


E 
freeways 40% 
busiest rural highways 50% 
medium-volume rural highways 70% 
low-volume rural highways 80% 


Pavement costs are allocated as follows: cost times E is a fixed cost; cost 
times 1-E is a function of ESALs and allocated as an average cost per ESAL. 


e Maintenance costs related to traffic, a further 15 percent of the total, are 
treated as variable and allocated to vehicles on the basis of distance 
driven (VKT). 


-* Maintenance costs which are not related to pavements and which are not 
a function of traffic — the remaining 70 percent — are treated as a fixed 
cost and allocated on the basis of VKT. 


The result of these procedures is shown in Table 7.4. Since bridge and 


administration costs are treated on a PSE Me -wide basis, these amounts 
are not included. 


P1001 


Table 7,4 
VARIABLE VERSUS FIXED Costs 
(ANNUAL PAVEMENT AND MAINTENANCE COSTS PER TWO-LANE KILOMETRE) 


Freeways 


Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


From Table 7.4, the proportion of costs which are fixed on each class of 
road is: 


Proportion of fixed costs 


Freeways 59.1% 
Paved (rural) : 
— busiest 10% 64.4% 
— medium-volume 30% 75.4% 
— low-volume 60% 81.0% 


The costs per unit of output — arbitrarily dividing fixed costs by total 
kilometres of travel — are as shown in Table 7.5. 


Table 7.5 
Costs PER Unit oF Output 


| Nariablecosts costs Fixed costs 


Road class $ per VKT $ per ESAL-km $ per VKT 


Freeways 


Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


Administration costs for the whole network amount to $0.0009 per kilo- 
metre driven by all traffic. Bridge costs, again for the whole network, are 
$0.0002 per GVW-km plus the fixed cost of $0.0047 per kilometre. 


Mn 


Costs by vehicle and road class are shown in Table 7.6. These include 
system-wide bridge and administration costs. The multiplication of these 
costs and the VKT by vehicle class result in the following allocation of total 
annual costs: 


cars | $1,563.1 million 59.3% 
small trucks BOS 7 14.9% 
large trucks 651.0°: °°" 24.7% 
buses 12iay o" 0.5% 
motorcycles, etc. TOCA ie” 0.4% 
other 62) a 0.2% 
Total $2,636.9 million 100.0% 


There is a further $1.03 billion representing either roads not dealt with here 
(gravel, etc.) or bridge and administration costs not assigned to the paved 
freeways and rural roads. 


- 


Table 7.6 
Costs BY VEHICLE AND Roap CLASS 
(ANNUAL CENTS PER KILOMETRE, 1989 Can y 


Variable costs/km 
Freeways 
Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


Fixed costs/km 


Freeways 

Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


Total costs/km 

Freeways 

Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


While this methodology attempts to incorporate the best data from 
Appendix A, the best information available about pavement performance 
in the Canadian context, and the best features of other allocation studies, 
more work is required in testing and refining these procedures before they 
would be suitable for making any conclusions about policy. '2 


7.4 MARGINAL COSTS 


In Appendix F, the steps required to estimate marginal costs are described. 
Again, the results are tentative. They represent only the marginal pavement 
costs of paved roads using the results of the OPAC model and typical Southern 
Ontario construction costs. Extending these results to all Canadian roads 
may not be appropriate. 


This caveat aside, the process for estimating marginal pavement costs is 
relatively simple. From the OPAC model described in Section 2 and the 
construction costs described in Section 5 (Figure 5.3), a series of costs are 
developed for roads built to withstand a given number of annual ESALs. 
Initial pavement and overlay lives are assumed to be 15 and 12 years 
respectively. Further, overlay costs are assumed to increase for roads built 
for more traffic (axle loads) as described in subsection 5.3 for typical Ontario 
conditions. Using this information, the following cost curve (total life-cycle 
costs of pavements) is estimated: 


C = 89,969 + 23,214 x log (ESALs) 


Marginal costs are estimated from the cost function as shown in Figure 7.1. 
For roads built for 250,000, one million and two million ESALs annually, 
marginal pavement costs are 4.0 cents, 1.0 cent and 0.5 cents respectively. 
To put these amounts in perspective, total marginal costs per kilometre 

for three trucks are shown in Table 7.7. The first truck is a heavily loaded 
three-axle truck typical of those used in the construction industry in Eastern 
Canada. The second, the five-axle tractor-semitrailer, is the most common 
large truck configuration in Canada. For the sake of this illustration, it is 
shown at the practical maximum weight for cross-Canada operations (some | 
provinces allow higher weights). The last configuration shown is an eight- 
axle B-train, the largest truck in Canada except for those operating under 
special permit. It is used to haul heavy, bulk commodities. For this illustra- 
tion, it is shown at the highest practical weight for cross-Canada operations. 
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Figure 7.1 
MARGINAL PAVEMENT CosTs 
($ per ESAL-Km) 


0.25 Marginal cost per ESAL 


Annual ESALs (millions) 


Table 7.7 
MARGINAL PAVEMENT Costs 


(CENTS PER ree 
Low-volume Mid-volume High-volume 
LEFs road road road 
3-axle truck 
25 tonne 


5-axle tractor-semi 
39 tonne 

8-axle B-train 

62 tonne 
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The calculation of costs in Table 7.7 is based on three different load equiva- 
lency factors: (a) ESALs developed from AASHTO; (b) Canadian measurements 
developed from data collected in the Canroads study; and (c) the reinterpre- 
tation of the Canroads data at the University of Waterloo. These different 
load equivalency factors are used to demonstrate the point that the attempt 
to develop road costs is highly dependent on a number of engineering 
measures. They are only illustrations of this point, however, as it is not clear 
that it is appropriate to use marginal costs developed from a pavement 
deterioration model calibrated in AASHTO’s ESALs to determine the pave- 
ment costs of a particular truck where load equivalencies are calculated in 

a different manner. 


A final way of putting these marginal costs into perspective is to consider 
the traffic data described in Appendix A. These suggest the following annual 
average ESALs for different segments of Canada’s rural highway network: 


Marginal 

pavement 

Annual Annual ESALs costs per 

Rural highways ESALs per lane ESAL-km 
busiest 10% 427,475 Dbsyist 4.7 cents 
medium-volume 30% 115,189 57,594 17.5 cents 
low-volume 60% 26,877 13,439 75.0 cents 


These have to be viewed in the context of all the qualifications about the 
traffic data in Appendix A and the assumptions used to estimate the propor- 
tion of truck traffic and the average ESALs per truck. Better data are clearly 
desirable. Even without these, however, the broad observation can be made 
that marginal pavement costs rise very rapidly for lower-volume roads. 
Further, for a large number of Canadian roads, these marginal costs may 

be quite high. May be, as there is uncertainty at the low end of the range — 
that is, annual ESALs as low as 13,439 — as to whether the pavement perfor- 
mance underlying the OPAC model is appropriate. It may well be that the 
Alberta model is more appropriate for estimating marginal costs for these | 
lower-volume roads. This possibility has not been investigated. 


8, CONCLUSIONS 


The findings of this research can be summarized in the following 
15 observations: 


1. Major research objectives: |In terms of the major objective — the 
calculation of road costs for vehicles in various classes — the work has 
demonstrated that there are a number of ways of estimating road wear 
costs. TAC data, substantially modified, along with estimates of vehicles 
and their characteristics may be combined with any one of several allo- 
cation methodologies to produce the required numbers. As an alterna- 
tive, estimates about the relationship between axle loads and pavement 
costs can be made and marginal pavement costs calculated. Other 
aspects of road costs — capacity, users, externalities — have not 
been investigated. 


2. Qualifications: This finding that road costs can, and have been estimated, 
must be qualified. These qualifications are related to four aspects of the 
procedures described in this report: the appropriateness of the methods 
used to calculate costs; the quality of the numbers used in the calculations; 
the extent of the federal, provincial, territorial road network covered; 
and, finally, the adequacy of the knowledge about roads (primarily 
pavement performance). 


3. FHWA method: As to the appropriateness of the various methods, there 
are practical problems applying FHWA’s methodology to TAC’s data. 
First, the FHWA methodology is only appropriate for capital expenditures. 
Second, the FHWA method of handling existing pavement costs (dis- 
tress models) is not something that can be done by simply “borrowing” 
the findings from its work to apply to someone else’s road expenditure 
numbers. For these reasons, the numbers calculated here and shown in 
Section 7 are not too meaningful. 


4. The U.K. method: Similarly, it is doubtful that the U.K. method applied 
to TAC’s data results in a credible allocation of costs. For one thing, the 
U.K. method applies to a larger class of roads and a broader range of 
expenditures than those considered here. This means that aspects of 
the methodology have to be applied selectively. The more significant 
problem with the U.K. method, however, is that it attributes all pavement 
costs to axle loads. There is no recognition of the deterioration caused 
by environmental factors. 
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5. The Australian method: The application of the Australian method to 
TAC’s data suffers from some of the same problems encountered with 
the U.K. method: different classes of roads and broader expenditures 
considered than those available in TAC’s data. However, once a linkage 
is made between the Australian and TAC expenditure categories, this 
method is the most appealing of the three considered for Canadian con- 
ditions as it treats pavement costs in two components: a portion varying 
with axle loads, and a fixed portion that does not vary with traffic. 


6. Other allocation methods: Other allocation methods have been briefly 
discussed in the report (the “incremental method,” Haritos’ method 
which draws on the incremental method, and benefit-based methods). 
For reasons discussed, however, none is appropriate for use in a 
modern Canadian cost-allocation study. 


7. Exploratory method: Drawing on the best features of the various alloca- 
tion methods described in Section 6, the best features of the adjusted 
TAC data, and the features of roads described in Section 2, an exploratory 
allocation method has been presented in Section 7.3. If a cost-allocation 
study is required in Canada, this method has something to offer. How- 
ever, the numbers actually calculated are deliberately labelled “explora- 
tory” to indicate that more work is required before the results could be 
used to influence transportation policy. 


8. Marginal pavement costs: Allocation studies by their very nature are 
somewhat arbitrary. The calculation of marginal costs, on the other 
hand, can be more precise. Further, from the perspective of economics, 
marginal costs have the advantage of being theoretically sound as they 
are a prerequisite for efficiency-based policies. In this research, a tenta- 
tive marginal pavement cost function has been estimated. It suggests 
that marginal pavement costs range from about 4.0 cents per ESAL- 
kilometre on low-volume roads to 0.5 cents on high-volume roads. 
Here, “low” and “high” volume are used as they were in the analysis 
of pavements using Ontario’s OPAC model: 250,000 annual ESALs at 
the low end and two million ESALs at the high end. | 


9. Marginal pavement costs and Canadian roads: Considering the actual 
axle loadings on much of Canada’s rural highway network, “low 
volume” may mean considerably less than 250,000 annual ESALs. The 
data examined in Appendix A suggest that much of the network may 
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have less than 20,000 annual ESALs. If this is true, marginal pavement 
costs may be as high as 75 cents per ESAL-kilometre or as high as $3.75 
per kilometre for some of the heavier trucks. However, the suitability of 
extending the OPAC model, used to develop the estimate of marginal 
pavement costs, and the typical Ontario construction costs to these low- 
volume roads is not known. Other models of pavement deterioration, 
such as the one used in Alberta, may be more appropriate. The relative 
significance of environmental factors in these models may actually 
mean that marginal pavement costs per ESAL are lower than this figure 
of 75 cents. None of these possibilities has been tested. 


Quality of data: The second major qualification about the costs estimated 
concerns the quality of the data used. For the allocation procedures, 
data had to be developed on the number of vehicles using the roads 
and the characteristics of these vehicles. The figures assembled here 
(Appendix A) are adequate for a discussion of allocation studies, but 
they do not compare with the accuracy and level of detail required for a 
cost-allocation study in the order of those reviewed in Section 6. For the 
discussion of pavements, pavement economics and marginal pavement 
costs, the-data used here are of an illustrative rather than empirical nature. 


Extent of the road network covered: The third major qualification 

about the costs estimated concerns the road classes for which costs 
were computed. Although the allocation procedures described in 
Section 7 show costs allocated for surface-treated, gravel and earth 
roads, the procedure of “borrowing” a methodology from somewhere 
else and extending it to these roads is not sound. In terms of the 
marginal costs estimated, these are only done for roads with flexible 
pavements. To this extent, then, this research has not been successful 
in determining the road costs of vehicles on a large segment (about one 
half) of the federal, provincial and territorial roads. Admittedly, these 
roads account for a very small portion of total travel: the figures calcu- 
lated in Appendix A suggest they account for 2.5 percent of all — urban 
and interurban — travel in Canada. 


Knowledge about roads: Costing, whether an allocation procedure 

or the estimation of marginal costs, cannot be undertaken without 

an understanding of the physical nature of roads. Repeatedly, in this 
research, questions arose about the underlying causal factors at work 
when considering one methodology or another. Why and how do 
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pavements deteriorate? What is the appropriate axle load equivalency 
factor? Do maintenance activities vary with traffic volumes? And so on. 
Indeed, at a time when most of the pavement research community is 
tied up in the largest pavement performance research effort ever under- 
taken (SHRP), analysts attempting a costing exercise must be prepared 
to modify their procedures in light of new findings which may emerge. 
For example, recent work on pavements in Canada even suggests that 
the number of large trucks has nothing to do with pavement deteriora- 
tion (Papagiannakis et al.). While this seems unlikely, it does demonstrate 
the difficulty of finding good empirical measures for pavement perfor- 
mance which, of course, are a prerequisite for good costing procedures. 
As another example, consider the problems associated with load equiv- 
alencies. The three LEFs used in this research can sometimes resultin 
marginal pavement costs for a large truck that differ by a factor of two. 
Which is the appropriate one to use given that the available pavement 
performance models are based on one measure, and that the best 
available Canadian empirical data produce the other measures? 


. The “Under Built” thesis: In the United States, an argument has been 


made that pavement deterioration models are based on a mis-specified 
relationship between axle loads and pavement lives. The result, the 
authors of this argument suggest, is that pavements have been built 
with less than optimal durability. If this also were true in Canada, the 
implications for a costing study would be that pavement costs should 
be estimated by using higher initial construction costs than those 
implicit in TAC’s (adjusted) data. However, no evidence can be found 
that this “under built” thesis is valid in Canada. First, most of the pave- 
ments in Canada are flexible pavements and a large part of the argument 
in the United States concerns rigid pavements. Second, the model of 
pavement deterioration most applicable to Canadian conditions for 
areas such as Southern Ontario (the OPAC model), when combined with 
typical construction costs, suggests that the optimal pavement cost is 
not particularly sensitive to the choice of initial pavement life. For these 
reasons, the determination of road-user costs in Canada does not have 
to be adjusted for any recognition that pavements have been built with 
less than optimal durability. 


. The “Under Maintained” thesis: Another question raised recently, 


which would also have implications for the calculation of road-user 
costs, is this: “Are governments spending enough on the roads to 
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prevent unnecessary and costly deterioration?” An argument has been 
made in Canada for the past several years that governments are falling 
behind in the amount they spend on roads. The consequence, the argu- 
ment goes, is that, in the long run, taxpayers will have to foot the bill for 
an expensive rehabilitation program. This is a complex argument which 
this research could not address fully. It may be that a road left to deteri- 
orate will cost more in the long run than a road which is well maintained 
throughout its lifetime. This research has not investigated such a possi- 
bility. What it has investigated, however, is how well the “infrastructure- 
is-crumbling” thesis is based on facts. After adjusting for problems in 
TAC’s data — the apparent adding mistakes and the failure to distinguish 
between preserving and preserving and upgrading roads — the calcula- 
tions made here suggest that the annual expenditures required to main- 
tain existing roads are in the neighbourhood of $4 billion. This is just 
about the amount governments are spending. The conclusion, therefore, 
is that the data do not support the idea that roads are falling apart 
because of insufficient spending. This conclusion has nothing to do 
with a related argument heard in Canada recently: governments should 
spend more on roads to increase capacity. . 


Axle load versus environmental impacts on pavements: One of the 
questions asked in the terms of reference was the relative contribution 
to pavement deterioration of traffic loads and of time (that is, the envi- 
ronment). The answer has great importance for any costing exercise as 
it largely determines the share of pavement costs attributed to large 
trucks. In some studies, most pavement costs are allocated to large 
trucks as these vehicles account for almost all of the heavy axles. In 
other studies, the argument is made that, for rigid pavements, the exis- 
tence of environmental deterioration is minimal, if it exists at all. These 
other cost-allocation studies may be correct (little is known about the 
pavements for which they allocate costs), and the arguments made in 
respect of rigid pavements may be correct (they have not been investi- 
gated). However, according to the best evidence available in Canada, 
for flexible pavements and particularly for roads where the total annual 
axle loadings are relatively modest, environmental factors account, by 
far, for the largest portion of pavement deterioration. This suggests, 
then, that for most Canadian roads the environment, not axle loads, 
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is of most consequence in developing any costing procedures. Even 
on avery high-volume road, say one with two million ESALs per year, 
environmental factors may account for as much as 50 percent of the 
pavement deterioration. On low-volume roads, environmental factors 
may account for 80 percent or more of the deterioration. 


ENDNOTES 
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responsible for all engineering matters and, in particular, developed most of the material in 
Section 2 and some of the concepts in Section 5. Professor Boucher was responsible for all 
costing matters and, in particular, developed Section 6, parts of Section 7 and the related 
appendices. 


The authors would like to thank the Transportation Association of Canada for allowing them 
access to its files for information on the Canadian road network. Thanks are also in order to 
Royal Commission staff for assembling a large amount of information from the provinces and 
to John Lawson in particular who reviewed four or five versions of this document and who 
made helpful suggestions. 


The authors are responsible for any errors that may have crept into the analysis and are also 
responsible for the views expressed. 


1. In TAC’s estimate, “expenditure needs,” the total for all federal and provincial roads is 
$5.1 billion. Of this amount, pavements account for $2.8 billion or 54 percent (see Section 3). 


2. With the current AASHTO equivalency factors, the exponent is actually closer to 3.8 than 
4.0 and the ESAL of a 10,000 kg single axle on a typical flexible pavement would be more 
like 2.20 than the 2.25 mentioned in the text. 


3. This has been confirmed in discussions with TAC. Something happened between the time 
the information was taken from the Lotus file and the latest booklet was published. What- 
ever the problem, the assurance has been given by TAC that “the spreadsheet numbers 
are the correct ones.” 


4. The only change made is one minor instance where a province is shown to reconstruct 
paved rural roads every 10 years. This has been changed to 20 which results in such a 
minor change to the overall results that the average frequency of 47.3 years remains 
unaffected. 


5. This is on the basis of several conversations with provincial highway people about the 
nature of TAC’s data. 


6. It is understood that Treasury Board recommends a discount rate of 10 percent. 


7. There is another qualification. Because RCI declines over time at an increasing rate, 
the “quality” of the road surface may improve with increasing initial payement life 
in the sense that there will be more years with high RCI ratings. If this is true, the “output” 
on any given cost curve in Figures 5.4 to 5.7 is not constant. 
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Road capacity cannot be inferred directly from measures of average AADT as the critical 
variables are the number of vehicles using a particular section of the road during the peak 
hour. However, if the typical rural highway can handle 1,500 to 2,000 vehicles per hour 
per lane, it seems likely that AADT figures on a two-lane basis in the range of 750 to 3,000 
are considerably below the capacity of most road sections. 


In the 1982 FHWA report it is noted that annual user-charge revenues obtained by the 
marginal social cost method would have resulted in $80 billion when overall spending for 
highway purposes was about $41 billion. For 1981, total highway user-charge receipts 
were an estimated $23 billion. For the United Kingdom, Newbery (1988a) computes an 
overall amount of road taxes equal to £9,760 million whereas the Department of Transport 
estimates road costs to equal £3,468 million. 


Other cost-allocation studies have been done. For example, M. Bunting has made some 
calculations for Ontario; B. Bisson, and others at the University of New Brunswick, have 
written several relevant papers. Haritos, however, is the only one who attempted a 
national study. 


It is not clear that Newbery’s theorem is relevant to Canada given that environmental 
factors are responsible for so much of the pavement deterioration. 


The question has been raised as to how the opportunity cost of capital is treated in the 
exploratory methodology. The answer is that, because the method deals with annualized 
costs, no capital is included. That is, there is no investment, no depreciation, and no 
(potential) rate of return. It is conceivable that a way of converting TAC’s data into 
information that could generate these amounts might be developed (Haritos used 
provincial annual expenditures to estimate a capital stock). Such a process has not 

been attempted. 


APPENDIX A: VEHICLE AND TRAFFIC DATA 


A.1 THE FLEET 


In 1989 there were 16.7 million vehicles in Canada, 12.8 million of these 
being passenger cars (Statistics Canada, Catalogue No. 53-219, p. 14). 
Combining these figures with other information results in the profile of the 
vehicle fleet shown in Table A.1. The adjustments shown in column 3 are 
based on the following: 


Number of large trucks: |n 1987 Statistics Canada shows roughly one million 
trucks registered in Ontario (No. 53-219). Ontario registration statistics for 
1987 show that there were 150,474 registered trucks with a GVW of 4.5 tonnes 
or greater (Nix, 1990, p. 5). Extrapolating this to the rest of the country, it is 
estimated that 85 percent of the truck fleet consists of small pickups and 
vans typically used by tradespersons and often used as a substitute for 
passenger cars. The remaining 15 percent are classified as “large” trucks.’ 


Number of cars and small trucks: The population of cars and small trucks 
is thought to be considerably smaller than as indicated by the registration 
statistics. Reasons for this are unknown and, in any case, are unimportant. 
The best information available suggests that perhaps 80 percent of the 
registered vehicles actually exist and are in use at any given time.? 


Table A.1 
THE FLEET AND FLEET CHARACTERISTICS 
(TOTAL VEHICLES, BY TYPE] 


5 6 7 

Annual Average Average 
VKT GVW RGVW 

(million) (tonnes) (tonnes) 


2 3 4 
Regis- Average 

trations Assumed annual 

1989 distribution | distance 


Vehicles 


12,811,318 
3,395,874 


Passenger cars 10,249,054 178,129 


Trucks 


— small 2,309,194 41,565 
— large 509,381 22,641 
Buses 62,494 1,187 
Motorcycles, etc. 377,997 1,398 
Other 71,846 718 


Source: Statistics Canada, Catalogue No. 53-219 and estimates. 
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A.2 AVERAGE WEIGHT 


Information in Table A.1 on average weights, either GVW or RGVW/, is based 
on a number of sources. None of the numbers is particularly accurate. The 
primary reason for having information on this characteristic is that some 
allocation methodologies require such numbers. The only vehicle, however, 
where this really matters is the large truck. For these, information on weights 
was taken from a roadside survey conducted in 1983 on all Ontario highways 
(Perera and Corupe, 1984). In that survey, the average weight of all trucks 
was 23,300 kg and the average RGVW was 37,200 kg. About 4 percent of the 
trucks included weighed less than the cut-off point used here (4.5 tonne) to 
define “large” trucks. However, there is no accurate way of excluding these 
from the calculation of average weight.° 


A.3 TOTAL VEHICLE-KILOMETRES OF TRAVEL 


It is estimated that all vehicles travel a total of 245.6 billion kilometres a 
year. The first line in column 5 of Table A.1 is the product of the number of 
cars times 17,380 km/yr, RTAC’s estimate of the average annual passenger 
car usage (RTAC, 1990, p. 41, developed from Transport Canada’s fuel con- 
sumption survey). 


The remaining figures on Table A.1 for average distance are based roughly 
on figures used in the 1982 FHWA study (U.S., FHWA, 1982, Appendix C). 
They are rough as the vehicle categories used do not match those used 
here. There are some exceptions and/or qualifications to this use of U.S. 
figures: 


¢ For large freight trucks, estimates of annual kilometres have been 
developed from Statistics Canada sources (Catalogue No. 53-222, 1988) 
as follows: 


total for-hire and private freight trucks _ 165,073 
total distance travelled (km) 7,337, 110s 


average distance travelled (km) 44,448 


These figures, which are based on the activity of surveyed for-hire and 
private truckers, exclude the operations of for-hire owner-operators. 

This probably results in a lower estimate of average distance; however, 
nothing is done here to correct this possible error. Further, this average 
of 44,448 kilometres is assumed to apply to the entire fleet of large trucks 
(that is, the “non-freight” as well as the freight trucks captured in Statistics 
Canada’s survey). 


¢ The average distance shown for buses in Table A.2 is based on the 
weighted average for three bus categories in the U.S. source: intercity 
buses, school buses and transit buses. 


¢ The figures shown for “Other” vehicles is simply a guess. 
A.4 AVERAGE ANNUAL DAILY TRAFFIC 


Six sources have been used to develop AADT estimates for the federal/ 
provincial/territorial roads: TAC’s data on volumes on the National Highway 
System and more detailed data from British Columbia, Saskatchewan, 
Ontario, Quebec and New Brunswick. 


National Highway System: The NHS consists of 24,459 route kilometres or 
33,169 kilometres of two-lane equivalent roads (National Highway Policy 
Steering Committee, 1988, Phase 1 Report) and represents 11.4 percent of 
federal/provincial/territorial roads. AADT figures for the NHS as given by 
RTAC are shown in Table A.2. 


Table A.2 
TRAFFIC VOLUMES ON THE NATIONAL Hichway SYSTEM 
(FREQUENCY DISTRIBUTION BY AADT) 


% of total 
NHS length 
(route-km) 


>10,001 
5,001—10,001 
3,000-5,000 
< 3,000 


Source: RTAC, 1990, p. 30. 


The NHS consists of four road classes as shown in Table A.3 (it is unclear 
whether the total length is 24,459 or 24,359 kilometres). In the third column, 
lengths have been converted to two-lane equivalents, the total of which is 
known to be 33,169 kilometres. In column 4, traffic volumes from Table A.2 
are roughly mapped into this NHS road-class system. For example, since it 
is known that 15 percent (3,654 kilometres) of the NHS has traffic volumes 
above 10,000, it is surmised that the 3,317 kilometres of freeways in the 
NHS are, in fact, this busiest segment of the NHS. This process was used to 
continue relating traffic volumes with road classes until all that was left is 
the least travelled 48 percent of the NHS. The last column of the table shows 
the traffic volumes on a two-lane equivalent basis. 


Table A.3 
Narional HicHway System TRAFFIC VoLUMES BY Roap CLASS 
(ESTIMATED) 


1 2 3 4 5 
Road class Two-lane 
(NHPSC Phase 1 Length equivalents AADT AADT 
Report) (route-km) (estimated) (route-km) (two-lane equiv.) 


Freeway : ; >10,001 >5,001 

Multi-lane arterial : ; 5,001-10,000 2,500—-5,000 
Two-lane paved 

— about 1/3 3,001-5,000 3,001-5,000 

— about 2/3 <3,001 <3,001 

<3,001 


The information in Table A.3 can be used to make assumptions about 
volumes on the 292,003-kilometre network, the basic one being that the 
busiest 33,169 kilometres are, in fact, the NHS. Freeways have more than 
10,000 vehicles per day or, on a two-lane equivalent basis, more than 5,000 
assuming a typical four-lane freeway. Those which are classified as “Paved 
(urban)” in TAC’s data are, presumably, comparable to “multi-laned arterials” 
in the NHS system and, therefore, are assumed to have traffic volumes in 
the range of 5,000 to 10,000 vehicles per day (2,500 to 5,000 on a two-lane 
equivalent basis). As for the most important class of road in Canada — the 
two-lane paved rural highway — the NHS figures suggest that perhaps only 
about 5,000 kilometres have volumes in the range of 3,000 to 5,000 vehicles. 
The balance of 129,855 kilometres appears to have volumes of less than 3,000. 
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British Columbia: Although B.C.’s system of classifying roads does not quite 
map into the TAC nomenclature, it is close. With a small amount of estimat- 
ing, the figures in columns 5 to 9 of Table A.4 have been developed. The 
total lengths are reasonably close to TAC’s figures. The figures are thought 
to be for the summer of 1989. The “special” road class (column 8) has no 
AADT figures — the largest element of guesswork in Table A.4 is in placing 
2,028 kilometres of this class within the “Earth” category. 


Table A.4 
TRAFFIC VOLUMES ON Bris CoLumBIA RoADS 
(MAPPING OF INFORMATION INTO COLUMNS 5 TO 9 1S ESTIMATED) 


Rural Surface 
(paved) | treated 
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Source: British Columbia Ministry of Transportation and Highways. 


These are the salient points to note: 


¢ Freeways have volumes of over 10,000 vehicles (that is, over 5,000 when 
converted to two-lane equivalents, confirming the NHS data). 


¢ Paved rural roads — keeping in mind that the busiest ones shown in 
Table A.4 are four lanes — have traffic volumes of roughly the following 
magnitudes: 


23% — 5,000 to 10,000 vehicles per day (this includes those four-lane 
sections with total volumes over 10,000) 

38% — from 1,000 to 5,000 vehicles per day 

39% — less than 1,000 vehicles per day 


¢ Surface-treated roads have volumes in the range of 10 to 1,000, with 
100 to 500 vehicles per day being perhaps the most frequent volumes. 
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* Gravel roads have volumes of less than 100 vehicles per day. 


¢ Earth roads have — at least those for which numbers are available — less 
than 10 vehicles per day. 


Saskatchewan: Information from Saskatchewan is shown in Table A.5. The 
first two categories of road correspond roughly to TAC’s “Freeway” and 
“Paved (rural)” roads (see RTAC, 1990, p. 8). The third class, in terms of 
total length, approximately corresponds to the total “Surface-Treated” 
roads in TAC’s data, and the last class in Table A.5 is roughly comparable to 
the “Gravel” roads shown for Saskatchewan in TAC’s data. The higher per- 
centage of trucks in the traffic for this fourth category is accounted for by 
the large number of resource roads in Saskatchewan: just over 40 percent 
of the total 5,812 kilometres where, for example, logging trucks account 
for a high percentage of the total volumes. “Trucks” in the last column of 
Table A.5 are defined as “one tonne or more,” compared to the “4.5 tonne 
or more” used in this report to distinguish between large and small trucks. 


Table A.5 
TRAFFIC VOLUMES ON SASKATCHEWAN Roaps 


Length AADT “% Trucks 
Road class (route km) (1989) (1 tonne or more) 


Arterial highways 
Collector highways 
Local highways 
Provincial roads 


Source: Saskatchewan Department of Highways and Transportation. 


Ontario: Information on VKT from Ontario is shown in Table A.6. To compute 
AADTs, it is necessary to make assumptions about the classification scheme 
used by TAC and that used by Ontario. “Freeways” is used in both sources: 
the length in the third column, however, is the two-lane equivalent from 

the TAC data. For the second row of Table A.6 — “highways” or, in the 
source, “other King’s highways” — there is more guesswork involved. The 
Ontario source shows a total length of 14,268 kilometres; TAC shows a 

total of 16,394 “paved rural roads” on a two-lane equivalent basis. If these 
two lengths (14,268 in total and 16,394 in two-lane equivalents) were synony- 
mous, the AADT would be as shown in the fourth column of the Table (3,441). 
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However, it is more likely that Ontario’s “other King’s highways” represent 
about 15,200 kilometres on a two-lane equivalent basis. The result is that 
the length for “Highways” on Table A.6 is probably overstated and the AADT 
shown in the last column is probably understated. The third line probably 
contains a better estimate of average traffic volumes on Ontario’s “other 
King’s highways.” What Ontario refers to as “secondary highways” are 
shown on the last line of the Table. These, presumably, correspond. with 
what TAC shows as “Gravel,” “Surface-Treated,” and a small portion of 
“Paved (rural).” The total length shown on Table A.6 of 5,725 kilometres is 
from the Ontario source; these are assumed to be the same as two-lane 
equivalents. TAC shows a total of 4,243 kilometres of gravel and surface- 
treated roads for Ontario; therefore, there are presumably 1,482 kilometres 
of paved rural roads included in the last line of Table A.6. 


Table A.6 
TRAFFIC VOLUMES ON OnTARIO RoADs 


Total 1989 VKT TAC length 
Highway class (million) (two-lane equiv.) AADT 


Freeways 
Highways 


Secondary 


Source: Ontario Ministry of Transportation, 1991, Part I. 


Quebec: Information on traffic volumes on Quebec highways is available at 
a very detailed level. Without a lot of work, however, it was not possible to : 
use this with the highway classes employed here. In lieu of this, here are 
some observations (without converting to a two-lane equivalent basis): 


¢ Autoroutes — traffic volumes range from over 40,000 vehicles per day in 
the Montreal area to less than 10,000 in some of the less populated regions. 


¢ Highways — few of the highways (non-autoroute) have volumes exceeding 
10,000 vehicles per day. Many of the major routes have volumes in the 
1,000 to 5,000 range, while the many less-travelled highways have | 
volumes of less than 1,000. 
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Information used to calculate broad average volume levels for Quebec are 
shown in Table A.7. As shown, autoroutes have an average volume, ona 
two-lane equivalent basis, of just over 10,000 vehicles per day, while other 
highways have an average volume of just over 1,000. Unlike other provinces, 
provincial roads account for a much higher proportion of all roads in the 
province and often include very low-volume roads. 


Table A.7 
TRAFFIC VOLUMES ON QuEBEC RoADS 


Total 1989 VKT TAC length 
Highway class (million) (two-lane equiv.) AADT 
Autoroute 16,813 4,557 10,108 
Other-highways a Wy (coh) 56,087 1,063 


Source: Information from Québec Ministere des Transports. 


New Brunswick: Information on New Brunswick's “arterial highway net- 
work” — roughly 10 percent of total provincial roads, which are assumed | 
to be the busiest roads in the province — has been published recently in a 
discussion paper (New Brunswick Department of Transportation, 1988). The 
points to note here are: 


Traffic volumes, in AADTs, on these arterial highways range from 1,000 to 
10,000 vehicles per day, although there are a few four-lane sections near 
Saint John where the volumes are actually as high as 20,000, or 10,000 on 
a two-lane equivalent basis. 


¢ The busiest highway in the province, the Trans-Canada Highway, has an 
average of 6,000 vehicles per day, whereas many of the other arterials are 
in the range of 2,000 to 3,000 (these are rough estimates as they are made 
on the basis of a quick inspection of a map showing highway sections 
and volumes). 


Estimated AADTs 


This information from the NHS and five provinces can be used to estimate 
AADTs on a two-lane equivalent basis for the whole 292,003-kilometre 
network (the results are shown on Table 4.2): 
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¢« Freeways — All sources indicate AADTs above 5,000 vehicles per day. 
Ontario information suggests a province-wide average of 17,400, and 
Quebec sources indicate a province-wide average of 10,108. Ontario and 
Quebec together account for 63 percent of all freeways (two-lane equiva- 
lent lengths) in Canada. The combined average for the two is 13,402. 
However, the very high volumes in Ontario — in some places through 
Toronto, Highway 401 has over 40,000 vehicles per day on a two-lane 
equivalent basis — are not typical of volumes elsewhere. Therefore, a 
Canada-wide average of 12,000 is used here. 


¢ Paved urban roads — Paved urban roads represent a tiny fraction of 
the TAC network (0.4 percent) and, other than the NHS data, there is not 
much information on traffic. For here, an average of 4,000 is assumed. 


¢ Paved rural roads — This is by far the most important component of the 
network and, for that reason, traffic volumes were estimated in terms of 
three different types: high, medium and low volume. The NHS data seem 
to indicate there may be 5,000 kilometres of these roads with volumes in 
the range of 3,000 to 5,000. The province-wide data for British Columbia 
suggest a figure of between 5,000 and 10,000. Saskatchewan's data give 
averages of 770 and 2,475 for two different components of the network. 
Ontario’s data suggest a province-wide average of 3,500 to 3,700 (with 
some sections of paved road, which fell into the next lower highway 
classification, having lower volumes). Quebec’s data indicate a provincial 
average of just over 1,000 vehicles a day, but this includes all paved, 
surface-treated and gravel roads. New Brunswick's information, for 
roughly 2,000 kilometres of (mainly) two-lane paved roads — out of a 
province-wide total of 4,200 — suggests volumes in the range of 1,000 to 
10,000. It was assumed that the balance of New Brunswick’s paved rural 
roads have volumes considerably less than this. For this research, these 
are the volumes assumed: 


¢ First, there are the high-volume rural highways with volumes assumed to 
be 6,000 vehicles per day. It was also assumed that these roads account 
for 10 percent of the total (that is, just under 13,000 kilometres across 
Canada). 


¢ Second, another 30 percent of the rural paved roads (39,000 kilometres) 
were assumed to have volumes of 3,000 vehicles per day. 


° Third, the remaining 60 percent of the rural paved roads (78,000 kilometres) 
were assumed to have volumes of 700 vehicles per day. 
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¢ Surface-treated roads — The figures for British Columbia suggest an 
average of, perhaps, 500 vehicles per day; Saskatchewan's data indicate 
an average of 360; and the information from Ontario shows an average of 
436, although this is on the high side as it is known that the road category 
with these volumes includes some paved roads. For here, surface-treated 
roads were assumed to have 350 vehicles per day. 


¢ Gravel — Gravel roads were assumed to have 50 vehicles per day. 


¢ Earth — Earth roads (all 4,903 kilometres within the federal/provincial/ 
territorial domain) were assumed to have 10 vehicles per day. 


To check the reasonableness of these estimates, the AADTs can be multi- 
plied by highway lengths. The product can then be compared with the esti- 
mate of total VKT (245.6 billion) with an allowance made for the split in VKT 
between federal, provincial, territorial roads and municipal roads. Data from 
Ontario can be used for this, although it is recognized that travel patterns in 
other provinces or, indeed, the distinction between municipal and provincial 
roads, may well differ from one jurisdiction to another. 


In 1989 in Ontario, there were an estimated 76,917 million VKT of which 
45,360 million, or 59 percent, occurred on provincial roads (Ontario: Ministry 
of Transportation, 1991, p. |-003).4 Multiplying the AADTs shown on Table 4.2 
times the lengths shown on Table 3.1 and the resulting product by 365, pro- 
duces the estimate of 157.9 billion VKT which is 64 percent of the estimated 
total 245.6. In other words, the estimated AADTs are reasonable in light of 
the estimated total VKT and the assumption that the split in travel between 
provincial and municipal roads in Canada is similar to that found in Ontario. 


Another, partial, check on the procedures is a comparison of the estimated 
VKT derived by multiplying AADTs by lengths with the data (that is, excluding 
municipal roads) from an individual province. This has been done, but the 
results are not good. In effect, what happens is that the estimated national 
average AADTs overestimate VKTs in provinces with low volumes and 
underestimate VKTs for provinces with high volumes (Ontario). 


A.5 TRUCK TRAFFIC 
Data from three provinces have been obtained on the proportion of total 


traffic accounted for by trucks. Saskatchewan’s information, on trucks “over 
one tonne,” is shown in Table A.5. Ontario’s information is not as concise: it 
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is a large colour-coded map showing sections of the road network in terms 
of the proportion of truck traffic (Ontario: Ministry of Transportation and 
Communications, 1985). Without a lot of work, it is impossible to “add” 
these sections up to develop provincial averages. Nevertheless, the Ontario 
data can be used to make the following observations: 


¢ The major freeways have large sections coded in the 15 to 19.9 percent 
and the 20 to 40 percent truck range. The exceptions are for those free- 
ways around Toronto where commuters dominate or for those freeways 
heading to resort country. 


* Generalizations about two-lane major provincial highways are difficult. In 
Northern Ontario, many have very heavy truck traffic: large portions of 
Highway 17 are coded 20 to 40 percent. But in Southern Ontario, there is 
considerable variability: many highways are coded “less than 8 percent,” 
while many others sections of other highways are in the 8 to 10.9 percent 
and 11 to 14.9 percent range. 


Only partial information on truck volumes has been obtained from New 
Brunswick: on the Trans-Canada Highway (TCH), the busiest highway in 
the province (except for the freeways near cities) with an average AADT of 
6,000, truck volumes are 1,000 per day, or 17 percent, on average. Since the 
TCH is a major truck route, it was assumed that this figure represents the 
high end of the range for two-lane paved rural roads in Atlantic Canada. 


With only these Saskatchewan, Ontario and New Brunswick data to rely on, 
and with either inconsistent definitions of “trucks” or definitions which can- 
not be related to the “4.5 tonne” demarcation line, assumptions made 
about truck traffic were obviously speculative. The procedure started with 
an assumption that truck traffic on freeways was 20 percent of AADTs and 
that it was 15 percent elsewhere. These were the steps that followed: 


« A matrix was set up showing road classes by vehicle classes (see Table A.8). 
Given the AADTs estimated (Table 4.2) and the percent of trucks (20 per- 
cent or 15 percent), the balance of the AADTs were distributed to other 
vehicle classes roughly in proportion to the total annual VKT (Table A.1). — 


¢ The only major adjustment to these procedures was the assumption 
that trucks spend a larger proportion of their time on provincial (federal, 
provincial, territorial) roads than cars. This means that the proportion of 
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total travel on provincial roads is not quite the same as that shown in 
column 5 of Table A.1. 


¢ Through a series of iterations, “% truck” was adjusted downwards until 
the final estimate of VKT was /ess than the total VKT shown on Table A.1. 
Obviously, figures could not be used which suggested that any vehicle 
class did more travel on provincial roads than it did on all roads implicit 
in the estimate of total travel in Table A.1. 


The results of these steps are shown in Table A.8. The first line under “VKT” 
is the total travel calculated in Table A.1; the second line is the product of 
AADT times percent times 365 times road length; and the last line shows 
the percent of total travel for each vehicle class that is assumed to occur on 
the provincial road network (the balance being on municipal roads). These 
are quite speculative numbers. 


Table A.8 
TRAFFIC, BY ROAD CLASS, BY VEHICLE CLASS 


Distribution of traffic (%) 


Large _Motor- 
trucks leben 


Freeways 
Paved (urban) 
Paved (rural) 
— busiest 10% 
— medium-volume 
— low-volume 
Surface-treated 
Gravel 
Earth 


VKT 109 
Table A.1 
Provincial 
% Provincial 


A.6 LEFS 


The number of LEFs for any individual truck varies considerably. However, 
what is needed for the development of an aggregate national profile of 
vehicles and traffic is some measure of the “average” truck. The only readily 
available source on this (again, from Ontario) is a recent paper from the 
Ontario Ministry of Transportation (Hajek et al., 1991, Table 2). While there 
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are concerns about how this ESAL was calculated and concerns about 

the suitability of using observations from two highway sites to extrapolate 
across all of Canada, in lieu of any other information, it is assumed that the 
average truck produces 1.5 ESALs. As for other vehicles, their numbers or 
their total VKT are either so small or else their axle weights so low, that all 
that is required here is a reasonable assumption about LEFs. These are 
shown in Table A.9. 


Table A.9 | 
Assumep AvERAGE VEHICLE LEFs 


LEFs (AASHTO ESALs) per vehicle Annual ESALs per two-lane km 


Passenger cars 0.00001 Freeway 986,347 
Small trucks 0.00007 Paved (urban) 153,585 
Large trucks 1.50000 Paved (rural) 

Buses 0.02000 — busiest 10% 427,475 


Motorcycles, etc. 0.00000 — medium-volume 115,189 
Other 0.03000 — low-volume 26,877 
Surface-treated 13,439 
Gravel 1,920 
Earth 384 


To check the reasonableness of these estimates, assumed LEFs per vehicle 
have been multiplied by total traffic volumes to produce an average loading 
for each road class. These are also shown on Table A.9 (and, as discussed 
in Section 2, it is suspected that the measure of LEF used here is not relevant 
for the last three classes of roads shown). While it is difficult to know how 
accurate the estimates of loadings are, the numbers appear reasonable. 
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APPENDIX B: CALCULATION OF EQUIVALENCY FACTORS 


For this research AASHTO ESALs have been calculated by estimating the 
relationships shown in a recent Transportation Research Board (TRB) study 
(U.S. TRB, 1990, Fig. 4-3). ESALs could have been developed directly from 
the AASHTO manuals or Figure 2.2 for a typical flexible pavement; however, 
at the time they were needed, the TRB reference was the handiest material. 
In that study, for a flexible pavement with a SN of 5 and a terminal service- 
ability of 2.5, ESALs for various axle loads are shown as indicated in 

column 3 of Table B.1. In column 4, the predicted ESALs are shown using 
the following (measured in tonnes): 


load |\4 
single axle = 
8,163 
load |4 
tandem axle = 
15,079 
load |‘ 
tridem axle = 
21,678 


Table B.1 
AcTuAL versus Prepicrep ESALS 


1 2 

Axle loads 

Axle type | (000 Ib) 
Single 9 
12 
16 
19 
20 
Tandem 28 
30 
: oa 
33 
34 


Tridem 40 | 0.49 0.500 
42 0.60 0.602 


3 
Indicated 
ESAL 


4 
Predicted 
ESAL 


Canadian LEFs are calculated in one of two ways. First, the Canroad LEFs 
are calculated as they were determined in the original Canroads Study 
(Canroad, 1986, Part 2). Load, in both these and what follows, is measured 
in tonnes. 
single axle = 0.002418 x load 29993 
tandem axle = 0.001515 x load 2:54 


tridem axle = 0.002363 x load2:1'8 


Second, Waterloo’s method of calculating them is as follows (Rilett, 1988, 
ppr 577 60; 62): 


single axle = 0.0153598 x load2-159 
tandem axle = 0.001142 x load 2.7% 
tridem axle = 0.0006205 x load 2-6°9 
The Canroad and Waterloo LEF calculations are based on the same data, but 
differ because of the way in which the pavement damage was accumulated 
under multiple axle groups. 
For single steering axles, it is assumed for both the Canroads and Waterloo 


LEFs that the LEFs shown above for single axles are doubled (that is, because 
they have half the tire contact). 
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AppeNpIX C: ANALYSIS OF MAINTENANCE EXPENSES 


Annual reports of the roads departments from all provinces have been 
reviewed. Information from several of these can be used to develop an | 
estimate of the proportion of maintenance expenses which are pavement 
related. 


The six items in Nova Scotia’s maintenance accounts which clearly relate 

to pavements comprise 9.1 percent of the total. The total excludes “aid to 
municipalities.” Presumably, with some of the other items on the list (for 
example, “worker’s comp”) prorated to the various activities (such as pave- 
ments), the pavement component of these expenses would be higher. Main- 
tenance expenses for Prince Edward Island are not broken out in as much 
detail as those for Nova Scotia. Nevertheless, the two broad items which 
are clearly related to pavements amount to 25.0 percent of the total. What is 
not known is if there are activities included within these items which are not 
related to the deterioration of pavements through either axle loads or envi- 
ronmental factors. The three items in Alberta’s maintenance accounts for 
the year 1989-90 which clearly relate to pavements — regravelling, gravel 
surfaces; crack sealing; and pavement patching — amount to 17.0 percent 
of the total. 


Finally, the maintenance expenses for Ontario for the fiscal year ending 
March 31, 1991 have been examined. The eleven broad headings used in 
these accounts are generally self-explanatory. “Roadside” includes every- 
thing to do with the side of the road (mowing, cleaning, fences, etc.); “drain- 
age” includes such things as culverts and bridges; and “safety” includes 
line painting, electrical work, signs and guide rails. The account entitled 
“surface” amounts to 4.9 percent of the total. Alternatively, if “overheads” are 
removed from the figures, “surface” accounts for 5.6 percent of all activities. 


A summary of this information — that is, total pavement-related mainte- 
nance costs — is shown in Table C.1. Because of the various terminology 
and because of various practices used to “load” certain expenses onto 
others, this is only a general identification of these expenses. The portion 

of maintenance expenses related to pavements is assumed to lie between 

6 and 20 percent and, in lieu of any better information, 15 percent is used as 
a broad average in this study. 
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Table C.1 
SUMMARY OF PAVEMENT-RELATED MAINTENANCE EXPENSES 


Pavement- 
related 
maintenance 
expense 
($ million) 


Alberta 

Ontario 

Prince Edward Island 
Nova Scotia 


Provincial road 
length 

(TAC, two-lane Cost per km 
equiv.) ($) 


37,847 
24,391 

4,920 
23,458 


Appenpix D: COMPUTATIONS OF ROAD Costs 


As a number of the methodologies available for allocating costs use the 
same variables, Table D.1 summarizes the important information developed 
from Appendix A. : 


Table D.1 
CANADIAN VEHICLE FLEET, VKT, ESAL-Km ano GVW-km 


VKT ESAL-km GVW-km 
(billion) (billion) (billion) 


Passenger cars 
Small trucks 


Large trucks 
Buses 
Motorcycles, etc. 
Other 


D.1 FHWA (1982) METHODOLOGY 


The methodology employed by the FHWA is concerned largely with the 
costs of new roads. None of this is applicable to TAC’s data. Further, as the 
FHWA methodology does not consider maintenance (that is, “routine main- 
tenance”), there is no guide to the allocation of these costs. All that could 
be used from the FHWA study was its method of allocating the costs of 
existing bridges and existing pavements. Bridges are relatively easy; they 
are allocated on the basis of VKT, with a resulting cost of $0.002 (Can) for all 
vehicles. Existing pavement costs are allocated on the basis of distress models 
which cannot be replicated here. Rather, the best that could be done was to 
distribute total TAC pavement costs in roughly the same proportion as is 
done in the FHWA (Table D-4, in the 1982 report). This is a rough approach 
as there is not a one-to-one correspondence between vehicle classes. 


The allocation of existing pavement costs, according to the FHWA method, 
is shown on Table D.2. The assumption was that the fleet characteristics in 
Canada are sufficiently close to those in the U.S. to warrant the use of the 
ratios shown in the second column. This may be a weak assumption. The 
final allocation of costs, excluding TAC’s maintenance and administration, 
is shown in Table D.3. 
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Table D.2 
FHWA AtLocarion oF Existinc Pavement Costs 


FHWA TAC costs 
allocation ratios allocated 
Vehicle class (%) ($ million) 


Adjusted TAC costs 
Automobiles 

Small trucks 

Large trucks 

Buses 

Motorcycles, etc. 
Other 


Optimal TAC costs 
Automobiles 
Small trucks 

Large trucks 

Buses 
Motorcycles, etc. 
Other 


Table D.3 
FHWA ALLocaTion oF PAVEMENT AND BripGE Costs 


TAC costs 
allocated % 
Vehicle class ($ million) distribution 


Adjusted TAC costs 
Automobiles 

Small trucks 

Large trucks 

Buses 

Motorcycles, etc. 
Other 


Pavement costs — total 


Optimal TAC costs 
Automobiles 
Small trucks 

Large trucks 

Buses 
Motorcycles, etc. 
Other 


Pavement costs — total 


D.2 U.K. METHODOLOGY 


It is not possible to make a one-to-one linkage of the expenditure and 

road categories in the U.K. method with those available in TAC’s data. An 
important difference is that “maintenance costs,” as used in the U.K. DoT’s 
organization of expenditures, encompasses all costs included in TAC’s data. 
In fact, it actually includes more items than TAC’s (for example, expenses 
on “footways, cycle tracks and kerbs”), but the point is that none of the 
parts of the U.K. method which applies to what they refer to as “capital” 
expenditures can be transferred. These amounts, in the parlance of the 

U.K. authors, are for “new construction and improvements.” Another differ- 
ence is that the U.K. method applies to all roads, including what would be 
called local in Canada. Since these are not part of the TAC data used here, 
adjustments have to be made. 


The three primary characteristics used to allocate the U.K. “maintenance 
costs” are VKT, average GVW-km and the “standard-axle-km.” For here, 
this last variable is defined as an ESAL-km. While not possible to make a_ 
direct link between the categories of “maintenance” in the U.K study and — 
those in the TAC data, a close approximation is as follows: 


ESAL-km costs: All reconstruction and resurfacing expenses, and a portion 
of what are included in TAC as maintenance, are allocated on the basis of 
standard-axle loads times distance travelled. The portion of expenses other 
than reconstruction and resurfacing which are allocated in this manner are 
labelled “patching and minor repairs.” TAC’s costs allocated on the basis of 
ESAL-km are reconstruction, resurfacing, and 15 percent of maintenance. 
The following are the resulting ESAL-km costs by road class: 


Adjusted 7 Optimal 
TAC TAC 

Freeways $0.020 $0.012 
Paved (urban) 0.102 0.071 
Paved (rural) 0.130 0.106 
Surface-treated 0.515 0.524 
Gravel 1.045 1.045 
Earth 2.405 2.405 
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The concept of LEF as calculated here may be entirely inappropriate for the 
last three road classes. 


GVW-km costs: The main expenditure in the U.K. system allocated on the 
basis of GVW-km is bridge costs. In addition, certain other portions of what 
in the TAC data would be included under maintenance are also allocated in 
this manner. For here, then, bridge costs plus 15 percent of maintenance 
are allocated according to the number of GVW-km for each vehicle class. 
The following are the results: 


Total bridge + 15% of maintenance 
— adjusted and optimal TAC = $570,783,688 
Cost per GVW-km $0.0010 


VKT: All remaining costs — in TAC’s terminology, administration plus 

70 percent of maintenance — are allocated on the basis of VKT. In fact, in 
the U.K. method, some are allocated on the basis of the number of pedes- 
trians but, as these are for local roads, this factor is not applicable to TAC’s 
data. The result is as follows: 


Adjusted | Optimal 
TAC TAC 
Cost per km $0.0092 $0.0091 


Table D.4 
Cost ALLocaTion: U.K. MeTHop + ApyusTep TAC 


Total costs 
($ million) es 


Passenger cars 
Small trucks 


Large trucks 
Buses 
Motorcycles, etc. 
Other 
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Table D.5 
Cost ALLOCATION: U.K. MetHop + Optima TAC 


Total costs Cost et km 
($ million) stesisiae 


Spee cars 
Small trucks 


Large trucks 
Buses 
Motorcycles, etc. 
Other 


D.3 AUSTRALIAN METHODOLOGY 

Expenditures categories in the Australian study are broader than those in 
TAC’s data. A rough comparison of the two is shown in Table D.6; the final 
four columns show the allocation factors used by the Australians. 


Expenditure categories included within the Australian method, but excluded 
here, are traffic management; “minor asset extensions or improvements” 
(for example, intersection upgrades, auxiliary lanes); major asset extension; 
and “other miscellaneous activities” (for example, the vehicle registration 
and driver licensing system). The mapping of the expenditure categories in 
the first column with the TAC categories in the second involves some judge- 
ment. The first category of maintenance, pavement and shoulders, is roughly 
analogous with the 15 percent of TAC maintenance which is thought to be 
related to pavements. The division of bridge expenses between load and 
non-load is based roughly on the division of these expenditures in the 
Australian data. 


Table D.6 
AUSTRALIAN ALLOCATION FACTORS 


Non- 
separ- 
Separable able 


Australian TAC GVW- ESAL- 
categories categories km VKT km VKT 


Servicing and operating Administration 
Road maintenance - 
— pavement and shoulders| 15% of maintenance 
_ —resurfacing Resurfacing 10% 
— other 85% of maintenance 15% 
Bridges — load related 42% of bridge exp. 100% 
— non-load related 58% of bridge exp. 
Reconstruction Reconstruction 


The separation of TAC’s data into the allocation categories suggested by the 
Australian method are shown in Table D.7 


Table D.7 
DistRIBUTION OF TAC Costs, BY AUSTRALIAN METHOD 


Australian allocation ‘ TAC adjusted costs TAC optimal costs 
factors | % distribution % distribution 


Separable 
— ESAL-km 
— GVW-km 
— VKT 
Non-separable 
-VKT 


Table D.8 | 
CosT ALLOCATION: AUSTRALIAN MetHop + Apsustep TAC 


Total costs Cost el km 
($ million) Poe 


Passenger cars 
Small trucks 
Large trucks 
Buses 
Motorcycles, etc. 
Other 
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Table D.9 
Cost ALLOCATION: AUSTRALIAN MetHop + OpnimaL TAC 


: Total costs Cost on km 
($ million) potieee 


asia cars 
Small trucks 
Large trucks 


Buses 
Motorcycles, etc. 
Other 


Appenpix E: ExpLoratory Cost ALLOCATION 


The following allocation methodology is labelled “exploratory” as more 
work is required to develop many of the underlying variables — such as the 
traffic and vehicle characteristics presented in Appendix A — before much 
confidence could be placed in the results. Further, more testing of the calcu- 
lations — sensitivity analysis and extension of the findings to particular 
vehicles on particular roads — is needed. 


The method starts with TAC’s costs as described in Section 3. It then modifies 
these according to the information in Sections 2 and 5. Owing to the gaps 
in the knowledge about roads other than those with flexible pavements and 
owing to the insignificance of urban paved roads (in the data used here), only 
two classes of roads are considered: freeways and rural paved roads. In TAC’s 
Original numbers, these two account for 76.6 percent of total maintenance 
and pavement costs (Table 3.3). Rural paved roads, however, are separated 
into three categories according to the AADT estimates in Appendix A. 


The first step is to establish the level of unit costs shown in Table E.1: 


¢« Maintenance — Annual costs are as shown in Table 3.7 (adjusted TAC 
costs) or Table 5.5 (optimal TAC costs, which are the same as the adjusted). 
However, the amount shown for rural paved roads ($7,743) is adjusted 
on the assumption that maintenance activities vary with traffic. For the 
busiest 10 percent of the rural paved roads (AADT of 6,000 on average) 
maintenance costs per kilometre are $9,292. For the mid-volume rural 
paved roads (AADT of 3,000), maintenance costs are $7,743. For the lowest- 
volume rural paved roads (AADT of 700), maintenance costs are $7,485. 
These amounts, times the TAC lengths, equal the $1.0 billion shown in 
TAC’s original figures. In other words, to reflect the fact that maintenance 
costs are probably higher on the busier roads than on lower-volume 
roads, TAC’s costs have been assigned to each of the three categories in 
the proportion 12:30:58, even though total lengths are in the proportion 
10:30:60. (This 12:30:58 is arbitrary.) 


¢ Resurfacing — Costs for freeways and the highest-volume rural paved 
roads are $65,000 per two-lane kilometre. For other roads, they are set 
at $55,000. Overlays are assumed to last 12 years. These values are as 
discussed in Section 5.3. 
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¢« Reconstruction — Costs, given an initial pavement life of 15 years, are 
based roughly on the relationships shown in Figure 5.3 and the axle 
loadings shown for each road class shown on Table A.9. 


Table E.1 
Exptoratory Cost ALLocarion: Umit Costs 
(1989 §, TWO-LANE EQUIVALENT BASIS 


Maintenance Resurfacing Reconstruction 
Roads costs/km costs/km costs/km 


Freeway 65,000 225,000 


Paved (rural) 
— busiest 10% 65,000 200,000 


— medium-volume 30% 55,000 170,000 


— low-volume 60% 55,000 160,000 


Bridge costs have to be dealt with on a system-wide basis as there is no 
way of separating bridges by road class. Total annual cost remains at TAC’s 
estimate of $296.3 million. Administration costs remain at TAC’s estimate of 
4.12 percent of other costs. 


The costing model is shown in Table E.2, where E represents a factor to | 
account for environmental deterioration. Fixed costs and some of the variable 
costs are allocated according to VKT, rather than PCE-km as the second 
measure is really related to capacity. 


Table E.2 
ALLOCATION PROCEDURES 
(INCLUDING ASSUMPTIONS ABOUT FIXED VERSUS VARIABLE COSTS) 


Allocation Allocation 
factor factor 
Ne SS fem 


KT 
KT 
15% total x E VKT 15% total x (1 — E) ESALs 


) 


¢« Administration — These expenses are treated as a fixed cost. 


¢ Bridge — Following the example of the Australian study, 58 percent of 
bridge expenses are assumed not to vary with usage and the balance are 
assumed to be a function of vehicle weight. 


¢ Maintenance — From Appendix C, it is assumed that 15 percent of these 
expenses are related to pavement surfaces and, therefore, a function of 
both axle loads and environmental wear. (As shown in Table E.2, then, if 
E equals 50%, 7.5% of pavement-related maintenance expenses vary with 
usage and 7.5% do not.) As for the remaining maintenance expenses, the 
evidence suggests that some portion varies with traffic (see the Australian 
study or the discussion in Section 2). Examples of such expenses might 
be road-side cleaning, litter control, or line striping. For here, this traffic- 
related maintenance expense is assumed to be 15 percent of the total. 
Finally, the remaining 70 percent of maintenance is assumed to be a fixed 
cost. In most provinces, a good deal of this would be snow and ice control, 
that is, expenses incurred whether one vehicle or thousands of vehicles 
use the road. ; 


¢« Resurfacing and Reconstruction — As with the pavement-related portion 
of maintenance, these expenses are functions of both axle loads and the 
environment. The amount attributed to axle loads is allocated according 
to ESALs and the remainder is treated as a common cost. 


To allocate pavement costs, the unit costs shown in Table E.1 have to be 
converted to annual amounts. There are several ways of doing this. If initial 
pavement lives and overlay lives for the whole network are as follows: 


n, = initial pavement life 
no = overlay #1 life 
n3 = overlay #2 life 


then, assuming a steady-state system, in any given year, 


1/ [(n1 + N2 + N3)/2] parts of the network will be resurfaced 
and 


1/(n1 + Nz + N3) parts of the network will be reconstructed. 
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For the whole network, this results in an average annual cost per kilometre 
of the unit costs shown in Table E.1 times these two factors. For example, 
where N41, Nz and n3z equal 15, 12 and 12 respectively, the average recon- 
struction cost per kilometre for a freeway is $5,769 (225,000/39) and the 
average resurfacing cost is $3,333 (65,000/19.5). 


This is more or less identical to the methodology employed by RTAC in 
calculating its expenditure needs. Using this method, the unit costs shown 
in Table E.1, and the nj, No, N3 values given in the previous example, 
average annual costs per kilometre for the network are shown in Table E.3. 
These result in a total annual cost of $2.211 billion for pavements and main- 
tenance. (This is for all federal, provincial and territorial freeways and rural 
paved highways.) The comparable figures from TAC’s data are: 


$3.520 — original TAC data, in Table 3.2 
$2.812 adjusted TAC data, in Table 3.6 
$2.413. optimal TAC data, in Table 5.4 


To test this allocation method, here is a listing of the key data and/or 
assumptions: : 


¢ Road lengths — These are as provided by TAC. However, as described in 
Appendix A, paved rural roads have been separated into three categories 
according to AADT. This is necessary as it is unrealistic to deal with all 
paved rural roads in Canada using broad national averages for the critical 
variables. Even more categories would be preferable. 


¢ Traffic distribution — Five vehicle classes are distributed across road 
categories as described in Appendix A. The importance of this step is that 
it distributes both VKT and ESALs to various roads. Among the many 
critical assumptions here are the figures used to assume how many vehicles 
out of the total population of registration statistics actually exist and are 
in use; the (sometimes quite shaky) estimates of annual average distances; 
and the figures used to measure the percent of large trucks in the total 
traffic stream. 


Table E.3 
ExptoraTorY Cost ALLOCATION: AVERAGE ANNUAL Costs 
1989 $, TWO-LANE EQUIVALENT BASIS 


Maintenance Resurfacing Reconstruction 
Roads costs/km costs/km costs/km 


Freeway 


Paved (rural) — 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


¢ Vehicle characteristics — Are as described in Appendix A. Among other 
things, this fixes the average truck weight (GVW, not RGVW) at 23.3 tonnes 
and the average number of LEFs for a truck at 1.5. Given the use of both 
GVW-km and ESALs to allocate costs, these are two of the more critical 
aspects of vehicle characteristics. 


¢ Pavements — Although actual designs vary from one section of the 
143,296-kilometre network to another (this is just the freeway and rural 
paved highway component), the rough assumption made here is that 
pavements are built to handle the following loads (per year): 


Freeways about one million ESALs 
Busiest rural highways about 425,000 ESALs 
Medium-volume rural highways about 115,000 ESALs 
Low-volume rural highways about 25,000 ESALs 


¢ Maintenance costs — Although TAC’s numbers are used, the amounts 
for rural paved highways are altered slightly in recognition of the fact that 
maintenance activities may vary with traffic. 


Resurfacing and reconstruction costs and frequencies — These are as 
described above. 


¢ Environmental pavement deterioration — The following amounts for the 
proportion of pavement deterioration caused by factors other than axle 
loads are assumed: 


Freeways 40% 
Busiest rural highways 50% 
Medium-volume rural highways 70% 
Low-volume rural highways 80% 


An even more fundamental assumption, of course, is that the relationships 
discussed in Sections 2 and 5, based on the OPAC model of pavement 
performance and typical Ontario construction costs, are applicable to the 
Canada-wide network. 


The first step in the allocation is the treatment of bridge and administration 
costs as described previously. Total GVW-km are 568.1 billion, the product 
of total VKT and average weights shown in Appendix A. This results in an 
annual variable bridge cost of $0.0002 per GVW-km for all vehicles, where 
GVW is measured in tonnes (bridge costs times 0.42, all divided by 568.1 billion). 
Cars, for example, incur a cost of exactly $0.0002 as the average weight for 
these vehicles in Appendix A is one tonne. Large trucks, on the other hand, 
have an average bridge cost of $0.0047 per kilometre (23.3 tonnes times 
$0.0002). The remaining bridge costs, assuming it is appropriate to allocate 
fixed costs according to distance driven, amount to $0.0011 per kilometre (over 
the whole network, not just the paved roads considered in this Appendix). 


The second step is to separate those maintenance and pavement costs 
which vary with usage from those that do not according to the procedures 
described in Table E.2. The results are shown in Table E.4. 


Table E.4 
ExpLoraTory Cost ALLOCATION: VARIABLE VERSUS FIXED CosTs 
(1989 $, TWO-LANE EQUIVALENT BASIS) 


Variable costs/km 


Road class per VKT ' per ESAL Fixed costs/km 


Freeways 

Paved (rural) 

— busiest 10% 

— medium-volume 30% 
— low-volume 60% 


In other words, the proportion of costs which are fixed on each class of road is: 


Proportion of 


fixed costs 
Freeways 59.1% 
Paved (rural) 
— busiest 10% 64.4% 
— medium-volume 30% 75.4% 
— low-volume 60% 81.0% 


The costs per unit of output — arbitrarily dividing the fixed costs by the 
total kilometres of travel — are as shown in Table E.5. 


Table E.5 
Exptorarory Cost Attocarion: Costs peR Unit oF Output 
(1989 $) 


Variable costs/km 


iY ore YaeP eset nT Sail lon sites 
Road class $ per VKT $ per ESAL $ per VKT 


Freeways 

Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


Administration costs for the whole network amount to $145.7 million annually 
or $0.0009 per kilometre driven by all traffic. 


Costs by vehicle class by road class are shown in Table E.6. These include 
system-wide bridge and administration costs. The multiplication of these 
costs and the VKT by vehicle class result in the following allocation of total 
annual costs: 


cars $1,563.1 million 59.3% 
small trucks 393.7 million 14.9% 
large trucks 651.0 million 24.7% 
buses 12.1 million 0.5% 
motorcycles, etc. 10.7 million 0.4% 
other 6.2 million 0.2% 
Total $2,636.9 million 100.0% 
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Table E.6 
ExpLoraTorY Cost ALLOCATION: CosTs BY VEHICLE AND Roan CLASS 
(ANNUAL CENTS PER KILOMETRE, 1989 $) 


Road Large Motor- 
class Cars trucks cycles 


Variable costs/km 
Freeways 
Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


Fixed costs 
Freeways 


Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


Total costs 

Freeways 

Paved (rural) 
— busiest 10% 
— medium-volume 30% 
— low-volume 60% 


In addition, there is a further $1.03 billion representing either roads not 
dealt with here (where, in effect, “costs” means as defined by TAC) or 
bridge and administration costs not assigned to the paved freeways and 
rural roads. 


It is emphasized that while this methodology attempts to incorporate the 
best data from Appendix A, the best information available about pavement 
performance in the Canadian context and the best features of other alloca- 
tion studies, more work is required in testing and refining these procedures 
before they would be suitable for drawing broad policy implications. 
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APPENDIX F: ESTIMATING MARGINAL PAVEMENT CosTs 


The OPAC model determines the required strength (structural number which 
can then be converted to an equivalent granular thickness) for a given num- 
ber of anticipated ESALs and for a given initial pavement life. For here, a 
15-year period is used. As discussed in Section 5, initial pavement life is not 
critical. Strength requirements are then converted to construction cost esti- 
mates based on a cost of $900/mm for the surface course and $200/mm for 
base and sub-base courses. Rather than a continuous function, only a few 
observations have been calculated as shown in Figure 5.3: 


Annual ESALs Construction costs 
(approx. 1989 $) 


0 70,000 
50,000 126,695 
100,000 135,204 
250,000 148,819 
500,000 167,010 
750,000 181,458 
1,000,000 193,863 
2,000,000 214,777 


From the above, a function has been estimated with a least-squares 
regression (n = 8; r2 = 0.802; and standard errors in parentheses): 


C= 57,686 + 19,920 x log (ESALs) 
(21,796) (4,043) 


To these construction costs, the following resurfacing costs have been 
assumed (Section 5) with an overlay life of 12 years. 


0-250,000 ESALs = $55,000 
250,001-1,000,000 ESALs_ = $65,000 
over 1,000,000 ESALs = $75,000 


Total life-cycle costs, assuming a time horizon of 39 years, are now 
estimated as: 


R 


(14 r)1 H (1 + r)2? 


Life-cycle cost= C + 


The first term (C) is estimated using the construction cost function 
described above. Life-cycle costs are shown in Figure F.1, with “+” indicating 
costs estimated using the above equation and with the line showing the 
costs estimated from a second regression (n = 41; r2 = 0.965; and standard 
errors in parentheses): 


C= 89,969 + 23,214 x log (ESALs) 
(4,417) (703) 


Figure F.1 
Life-CYCLE Costs AS A FUNCTION oF ESALS 


Present value of life cycle costs (000) 


180 C = 89,969 + 23,214 = log (ESALs) 


130 


+ actual costs 


0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2.0 


80 


ESALs (millions) 


Maintenance costs can be added, given TAC’s estimate of $7,743 per 
kilometre for rural paved highways and the estimate made in Appendix B 
that 15 percent are related to pavements. However, the addition of the pre- 
sent value of 39 years of an annual expense of $1,161 (15% of $7,743), does 
not affect the computation of marginal costs. It simply adds a fixed amount 
to the estimate of life-cycle costs (that is, a fixed amount at any level of 
annual ESALs); therefore, the derivative with respect to ESALs does not 
change. What is needed is some way of relating pavement maintenance 
expenses to the number of ESALs. Since no information on this is available, 
maintenance expenses are not considered here. 


Marginal pavement costs are estimated as follows (and shown in Figure 7.1 
in Section 7): 
23,214 1 


x —_—_— 
ESALs_ In 10 


MC = 


To put these into perspective, the following shows the marginal pavement 
costs of the “average” truck with 1.5 ESALs on three classes of rural paved 
highways (these could also be freeways as the construction costs used here 
are applicable to both classes of roads).° 


Class of road Marginal Marginal 
(as measured by pavement pavement 
annual ESALs) cost per ESAL cost per truck 
250,000 $0.040 $0.060 
‘1,000,000 $0.010 $0.015 
2,000,000 $0.005 $0.008 


Another way of looking at these marginal pavement costs is to consider 
several typical (not “average”) trucks. These are shown in Table F.1. The 
first column of the table shows three large trucks as follows: 


se 


Table F.1 
Typical MARGINAL PavemenT Costs 


a) ESALs Low-volume Medium-volume High-volume 
b) Canroad 250K ESALs 1 million ESALs | 2 million ESALs 
c) Waterloo 


$0.040/ESAL $0.010/ESAL $0.005/ESAL - 


denen 


3-S2 
39 tonne 


3-S3-S2 
62 tonne 


T3 is a three-axle straight truck with a load of 25 tonnes distributed as 
follows: 7 tonnes on the steering axle, 18 tonnes on the drive tandems. This 
is a typical truck used for construction work in Eastern Canada (it would 
have lower axle loads in Western Canada). 


3-S2 is a five-axle tractor-semitrailer, the most common large truck config- 
uration in Canada. For the purpose of this illustration, it has been given 
heavy axle loads. There are some in Eastern Canada occasionally exceeding 
these limits, but the one used here is known as an RTAC configuration and 
is allowed to operate coast-to-coast. The axle loads shown are the practical 
maximum. Total weight is 39 tonnes, distributed as follows: 5 tonnes on the 
steering axle, 17 tonnes on each of the tandem axles. 


3-S3-S2 is an eight-axle B-train, having two trailers and a total weight of 

62 tonnes. While there are some slightly heavier than this in Eastern Canada, 
this is the practical upper limit for the RTAC B-train, which is allowed to 
operate in all Canadian jurisdictions. Axle loads are: 5 tonnes on the 
steering axle, 17 tonnes on the tractor’s tandem, 23 tonnes on the first 
trailer’s tridem axle, and 17 tonnes on the rear trailer’s tandem. 


The second column shows load equivalency factors calculated in three ways: 
(a) the traditional AASHTO ESALs, (b) the Canroad LEFs and (c) Waterloo’s 
LEFs. As shown, the various methods of calculating LEFs have a significant 
impact on the costs attributed to different trucks. There is one point, how- 
ever, that is not known. The pavement deterioration models are based on 
AASHTO’s ESALs and, hence, the determination of the functional relation- 
ship between life-cycle costs and axle loads is also based on AASHTO’s 
ESALs. The marginal costs shown in Figure 7.1 are marginal costs per 
AASHTO ESAL. It is not clear that these same amounts can actually be used 
to calculate costs for a truck where load equivalencies are calculated using 
the Canroad or Waterloo LEFs. Even though this is an unknown, the calcula- 
tions in Table F.1 are based on these procedures simply to illustrate how critical 
the issue of axle load equivalencies is to the estimate of road costs. 


The third, fourth and fifth columns of Table F.1 show marginal pavement 
costs for rural highways at three levels of traffic. For example, the five- 
axle tractor-semitrailer incurs a marginal pavement cost of 13.5 cents (low- 
volume) to 1.7 cents (high-volume) per kilometre, using AASHTO’s ESALs. 
If the Canroad LEFs are used, these costs become 18.4 cents, and 2.3 cents 
per kilometre. Waterloo’s LEFs results in even higher pavement costs for 
each truck. 


NOTES TO APPENDICES 


1. 


The resulting estimate of 509,381 compares with Statistics Canada’s estimate of 276,184 
large (RGVW of 16,000 Ib or more) “freight” trucks, in Trucking in Canada, Catalogue 
No. 53-222, 1986. These freight trucks do not include “service” or “utility” or 
“government” trucks. 


This information is from John Lawson of the Royal Commission staff. 


In 1988 Ontario conducted another large-scale roadside survey. To date, however, it has 
not been possible to use this to develop any of the statistics required here. 


One oversimplification being ignored here is the presence in Ontario of federal roads. 
Strictly, since these are included in the TAC data, VKT that occur on them should be 
included in the number produced by multiplying road lengths by AADT. However, since 
the “error” in the test is to, by default, assume VKT that occur on federal roads in Ontario 
belong to the “municipal” category, no harm is done. 


As discussed in subsection A.4, there are concerns about the accuracy of this estimate of 
1.5 ESALs per truck, and there could be some question about the suitability of a figure 
developed on Ontario highways for extensions to all Canadian roads. 
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ENVIRONMENTAL DAMAGE FROM TRANSPORTATION 


VHB Research & Consulting Inc. 
March 1992 


SUMMARY — 
PURPOSE 


The purpose of this document is to assist the Royal Commission in incorpo- 
rating environmental considerations into its comparison of passenger 
transport options for Canada. 


SCOPE AND METHOD 


The document provides a brief review of the major approaches for assessing 
environmental impacts associated with transport and for valuing these impacts 
in economic terms. Based on a review of the published literature, estimates 
of some of these impacts and their economic value are presented. Opportu- 
nities for improving these estimates with additional research are identified. 


STATUS OF THE DATA 
This study relies on secondary sources of data. Reasonable estimates of 
total emissions are available by type and mode, at the point of emission. 


In general, other environmental effects (for example, impacts caused by 
transportation emissions) and the environmental effects of vehicle and 


Ma 


infrastructure manufacture, maintenance and disposal are not readily avail- 
able. Some important data for comparing modes, such as loading factors, 
are not directly available. 


The best data for estimating the costs associated with emissions are from 
studies of environmental damage associated with fossil-fired electricity gen- 
erating stations. There are a number of differences between the types of 
emissions, their atmospheric dispersion, and patterns of exposure from power 
stations and transportation systems that necessitate extreme caution in the 
application of these economic damage estimates to transportation systems. 


The data presented are national averages in the late 1980s, based on pub- 
lished information. The conclusions must be tempered with consideration 
of possible or likely technological, behavioural or regulatory changes (for 
example, reduced sulphur content of diesel fuel, rail electrification, more 
efficient vehicles, higher load factors). Similarly, it must be recognized 
that variations from the national averages may be very significant in some 
instances, and these may fundamentally change the order of the various 
modes in those circumstances. | 


MAIN FINDINGS 


There is a range of environmental and economic techniques associated with 
valuing environmental damage that are applicable to estimating damage from 
intercity passenger transport. The use of the methods for this application, 
however, has been limited largely to emission inventories and direct damage 
methods for assigning economic values. Within the scope of this review, 
specific estimates of environmental damage associated with transportation 
modes could only be provided for damage associated with vehicle emissions. 


The highest value of environmental damage per passenger-kilometre is 
associated with rail transportation, the lowest with marine transportation, 
followed by intercity bus transport. For all modes except air transport, most 
of the damage is associated with human health effects. 


CONCLUSIONS AND RECOMMENDATIONS 
The Canadian experience in estimating the social costs of environmental 


damage is very limited. Evaluations from the United States and Europe 
should be thoroughly reviewed to assess the applicability of their methods, 


Mn 


assumptions and estimates to Canadian conditions. It may be possible to 
identify studies that could be repeated in Canada, or should be conducted in 
Canada to fill the most important knowledge gaps left by research elsewhere. 


Environmental effects considered in intermodal comparisons are generally 
limited to vehicle operation. There has been no real attempt to set out the 
full life-cycle environmental impacts of transportation modes, from raw 
material extraction through vehicle and infrastructure construction, mainte- 
nance and disposal, fuel extraction and processing, and vehicle operation. 
Broad brush qualitative descriptions have been started for cars, but not for 
all transportation modes. 


Quantitative evaluation of environmental impact assessments of transpor- 
tation projects or policies is very limited. Greater use of quantitative evalua- 
tion could help to indicate some of the local environmental costs, which 
could be extrapolated for inclusion in the total environmental costs to be 
considered in transportation policies. 


National averages of impacts by mode may obscure significant variations 
within each mode or significant opportunities that could be pursued. Con- 
sideration should be given to evaluation of the environmental impacts of 
each transportation mode in a multimodal corridor. Windsor to Quebec City 
or Edmonton to Calgary might be suitable corridors for such a study. 


1. INTRODUCTION 


The Royal Commission on National Passenger Transportation was estab- 
lished to review Canada’s intercity passenger transportation system from 
a comprehensive perspective, looking at all the available modes and their 
interactions, rather than just one mode at a time. 


Environmental considerations are a major concern for future transportation 
policies. This report is intended to assist the Commission in assessing the 
relative environmental implications of various modes and to put this assess- . 
ment in a context that allows the significance of environmental considera- 
tions to be compared with other social, technological and policy concerns. 


P1061 


The report consists of six main components: 
¢ a review of methods for assessing the environmental impacts of 
transportation systems; 


¢ a review of methods for valuing — in economic terms — environmental 
impacts; 


¢* asummary of published data on environmental impacts of transportation 
systems; 


¢* asummary of published data on economic values of environmental 
impacts; 


* aconsolidation of the impact estimates and their values to estimate the 
economic value of the environmental impacts of transportation systems; 
and 


* conclusions and recommendations for further research to improve the 
estimates and their usefulness to the policy-making process. 


2, METHODS FOR ESTIMATING ENVIRONMENTAL DAMAGE 
THEORY AND APPLICATION 


2.1 THE ENVIRONMENT 


A primary decision in determining the environmental effects of passenger 
transportation, or any other activities, is to decide what constitutes the 
“environment.” There is no universally accepted definition, and the word 
conveys different meanings to different persons. The dictionary defines 
“environment” as the “surrounding; surrounding objects, region, or condi- 
tions, especially circumstances of life of person or society” (OCD, 1980). 


Even where the “environment” is defined in legislation, the word may take 
on different meanings within different Acts within the same jurisdiction. For 
example, in Ontario, the Environmental Protection Act s.1(1)m is concerned 
only with the natural environment, which means: “the air, land and water, 
Or any combination or part thereof... . “ 


Me 


In contrast, the Ontario Environmental Assessment Act s.1 provides a very 
broad definition of environment: 

(a) air, land or water, 

(b) plant and animal life, including man, 


(c) the social, economic and cultural conditions that influence the life 
of man or acommunity, , 


(d) any building, structure, machine or other device or thing made by 
man, 


(e) any solid, liquid, gas, odour, heat, sound, vibration or radiation 
resulting directly or indirectly from the activities of man, or 


(f) any part or combination of the foregoing and the interrelationships 


between any two or more of them.... 


For the purposes of this report, the definition used will fall between these 
two and is consistent with the definition implicit in the objectives set out in 
Canada’s Green Plan (Environment Canada, 1990):' 

¢ clean air, water and land; 

¢ sustainable use of renewable resources; 

* protection of special spaces and species; 

¢ global environmental security; and 


* minimizing the impacts of environmental emergencies. 
2.2 SOURCES OF ENVIRONMENTAL DAMAGE 


2.2.1 Resource Use 


The use of resources is of particular interest from several perspectives. 
First, the pattern of use may determine whether the resource is being man- 
aged in a sustainable manner. Second, resource use is often correlated 
with other environmental effects, including air or water pollution, or land- 
use changes. Often, by altering resource-use patterns, it will be possible 

to reduce environmental damage significantly. 
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2.2.2 Chemical and Physical Discharges 


Some chemicals that are released into the environment as a result of human 
activities may lead to changes in water, air or soil quality that can result in 
morbidity or mortality for humans or other species, both plants and animals. 
These discharges may also damage natural or anthropogenic materials due 
to their chemical composition. | 


In addition, discharges may be disruptive even where they are not toxic 
or corrosive if they lead to physical changes, such as decreased opacity or 
increased turbidity. 


2.2.3 Land-Use Changes 


Changes in land use may have an impact on the environment by altering 
the availability of resources, disrupting habitats or migration routes or 
affecting resource availability. 


2.3 METHODS FOR ASSESSING IMPACTS 


2.3.1 Life Cycle Assessment (LCA) 


The environmental impacts of an activity may be associated with any stage 
of the activity, and can only be properly understood — and compared against 
alternatives — by considering the entire life cycle of the activity, and impacts 
at each stage of the life cycle. For example, in comparing air emissions asso- 
ciated with electric and diesel trains, it is not sufficient to consider just the 
emissions from the vehicle, which are higher for the diesel train. One must 
also consider “upstream” or “indirect” emissions, such as the emissions at 
the power station where the electricity is generated for the electric train. 


In LCAs, the entire life cycle from extraction through material processing, 
manufacturing, use and disposal or recycling is considered — not just one 
of these stages. Thus, in the case of an assessment of transportation effects, 
the effects are not just those associated with operating the vehicle, but 

also the manufacture of the vehicle, fuel and infrastructure (for example, 
roads or rail lines), maintenance and disposal. To enable comparisons, 
‘these effects are usually considered on a unit basis, such as impact per 
passenger-kilometre of transportation provided. 


Although simple in concept, LCAs are not always easy to implement, and 
systematic use of quantitative life cycle assessments is limited.2 Much of the 
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work on life cycle assessment started in the mid-1970s, largely in response to 
the energy crisis. Some of that early work also considered resource use and 
environmental discharges. Recently, there has been a renewed interest in LCA, 
primarily because of concern about waste generation, and many assessments 
have looked at packaging, diapers and other products associated with waste 
generation. The methodology for undertaking a life cycle assessment has been 
described by SETAC (1990), and this approach is becoming widely accepted. It 
consists of three main stages: inventory, impact analysis and improvement 
analysis. Much of the focus has been on the inventory stage which quantifies 
the inputs and outputs from each stage of the life cycle. This is unfortunate 
because impacts ought to be the basis for comparison, not just resource use 
and emissions. If one product produces more emissions than another product, 
but the emissions have no impact because there are no receptors nearby, then 
the inventory may be misleading as the basis for policy making. 


2.3.2 Environmental Risk Assessment 


Quantitative environmental risk assessment is one method for assessing the 
impacts of chemical discharges and may be a part of the impact analysis 
component of an LCA. The objective of risk assessment is to connect specific 
environmental releases with specific toxicological responses. Quantitative 
risk assessment involves the following sequence of steps: 


* assessment of the exposure of receptors to the discharge (as discharged 
or as transformed); 


* assessment of toxicological data and likely mortality or morbidity 
implications of the exposure; and 


¢ assessment of individual or population risk. 


Exposure assessment: Exposure assessment will consider the sources of 
environmental releases, their pathways through the environment to receptors 
and the magnitude and duration of exposure: 


¢« Emission patterns: emissions, both routine and occasional, are assessed 
at each stage in the processing sequence. Quantitative information is 
needed by contaminant because of different toxicities of different contam- 
inants, by quantity over time because impacts are likely to vary with 
quantity, and by location to determine how the discharge will move 
through the environment and who Is exposed. 
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¢ Environmental fate and transport: once released, discharges move through 
the environment. They may settle in some component or may be trans- 
formed. The environmental fate and transport analysis consider such 
processes as dispersion and dilution, deposition, bio-accumulation and 
transformation of compounds. The environmental fate and transport 
assessment consider the pathways of exposure, for example, the air, 
water, food and soil concentrations of the contaminants. 


¢ Receptor identification and activity patterns: the exposure assessment 
considers the receptors, and how much of the discharge, or its transforma- 
tion product, a receptor is exposed to. Receptors considered are typically 
humans, though they may be domestic or wild plants, animals or structures 
subject to material damage. Assessment of their exposure requires con- 
sideration not only of environmental pathways, but also activity patterns 
(for example, the duration of time spent in a location where exposure may 
occur, and how this time is spent). The dose of atmospheric contaminants 
will be greater if the receptor is engaged in strenuous physical exercise 
than if it is resting. It may also require consideration of ambient conditions, 
as well as the specific release being assessed. The measure of the expo- 
sure will vary depending on the toxicological response being considered. 
Carcinogenic responses are usually assessed based on consideration of 
total annual exposure, and are typically measured in dose per unit body 
mass per year; non-cancer chronic exposure may be assessed in terms 
of mass of contaminant per unit body mass per two week period; and 
acute exposure may be measured in dose or concentration in air or water 
(g/kg, or mg/m?). 


Toxicological assessment: The toxicological assessment considers dose- 
response curves. Often these will be based on laboratory studies of indicator 
species, using toxicological models to extrapolate from high to low doses. 
For some compounds and toxic end points, actual data for some individuals 
of the receptor species may be available. A critical issue is often the ambient 
concentrations, that is, how the specific source under consideration con- 
tributes to the total concentration. This is particularly significant for toxic 
effects which only occur when a threshold is exceeded. 


Risk assessment: Finally, the estimated exposure and the dose-response 


curves may be combined, and the impact of the discharges on morbidity 
or mortality assessed. Typically the risks are expressed as a probability of 
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morbidity or mortality occurring, and may be given for an individual, or for 
the entire population exposed. 


2.3.3 Ecological Analysis 


Resource use is addressed in life-cycle assessments. Air, land and water 
quality, and environmental emergencies, at least as they affect biological 
species, may be addressed through environmental risk assessment.? How- 
ever, environmental risk assessment is directed primarily at individuals, 
and their physiological health as a result of chemical exposures. Ecological 
analysis considers population, community or ecosystem effects emerging 
from cumulative effects on individuals, and from a consideration of other 
ecological factors, such as habitat supply after land-use changes. For example, 
risk assessment might identify effects of an environmental release on individ- 
uals of a certain species, but the ecological analysis would review how 
these individual effects affect the population and how these population 
changes might affect other species and the ecosystem as a whole. 


For example, the effects on biological communities of filling a marsh to 
construct a highway would be addressed through an ecological analysis, 
as would greenhouse gas impacts and ozone depletion. 


2.4 EVALUATION OF ALTERNATIVES 


Once impacts are identified, it is probable that one alternative (that is, trans- 
portation mode) will have lower impacts of some types and higher impacts 
of other types. Evaluation methods are required to determine which is best 
overall in a given context. A wide variety of evaluation methods are available 
(VHB, 1990); the next section considers economic approaches for valuing dif- 
ferent types of impacts, thereby enabling evaluation using economic measures. 


3, METHODS FOR EVALUATING THE SOCIAL CosTs OF ENVIRONMENTAL 
DAMAGE: THEORY AND APPLICATIONS 

3.1 THE ECONOMIC APPROACH TO EVALUATION 

The economic approach to evaluation is based on the premise that evalua- 


tion takes place whenever a person is confronted by a choice among two 
or more mutually incompatible alternatives. In such a situation, choosing 
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one of the alternatives requires foregoing whatever could have been attained 
by choosing any of the other alternatives instead. Economists assume that 
the alternative chosen by the person in such a situation must be the one the 
person values most highly. Indeed, such a choice involves an implicit cost 
of foregoing the next most highly valued alternative, which economists call 
the “opportunity cost.” Thus, if someone chooses to drive to a destination 
rather than to take a bus, then for that person the net value of driving (the 
value of the speed, convenience and other valued factors over the cost) 
must exceed the net value of taking the bus.‘ If taking the bus was the next 
most preferred alternative to driving, then the net value of taking the bus 
(perhaps including valued factors such as a more relaxed trip) would be 
the opportunity cost of driving instead of taking the bus. 


This kind of choice occurs whenever we purchase something, or refrain 
from purchasing something. Purchasing something requires giving up a 
certain amount of money and thus foregoing whatever else could have 
been purchased with that money. If one refrains from making a purchase, 
one is implicitly deciding that greater value could be achieved by saving © 
that money to spend on something else. This is the kind of expression of 
preferences that applies to commodities and services that can be bought 
and sold in a market. The economic approach to evaluation suggests that, in 
order to have a unified approach to evaluation both for goods and services 
that are provided through markets and for goods and services available 
outside markets (for example, environmental amenities), the same kind of 
evaluative procedure should apply to both. 


3.1.1 Willingness to Pay and Willingness to Accept 


The relationship between value and money provides the economist with a 
quantitative basis for evaluation: the value of something to a person who 
does not already have it is the maximum amount of money the person would 
be willing to pay (WTP) to attain it. Conversely, the value of something 
already enjoyed by a person is the minimum amount the person would be 
willing to accept (WTA) to give it up. By either of these different measures 
of value, the monetary value a person assigns to something will depend on 
that person’s overall assets, including money. Furthermore, people will often 
assign WTA values several times greater than their WTP values for the same 
items. Thus, a person’s economic evaluation of something will depend on 
the person’s position with regard to ownership of assets in general and of 
the thing under evaluation in particular. 
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Given individual monetary evaluations, social value can be most easily com- 
puted as the sum of these value assignments. The relative preferences of 
each person would not count equally in such a social value; rather, each per- 
son’s preferences would be weighted in proportion to total personal assets 
or wealth. As a basis for public policy decisions, this social value appears 
to be at odds with the democratic principle of “one person, one vote.” To 
make social value more in accord with the latter principle, individual evalua- 
tions could be weighted to reflect what each person would be willing to pay 
if their incomes were equalized. One crude procedure for this is to apply 
weights to each person’s monetary evaluations inversely proportional to 
their incomes or wealth (Pearce, 1983). More precisely, it can be shown that 
this condition is better reflected if the inverse is raised to the power of the 
person’s income elasticity of demand for the good in question (Pearce, 1983). 
In considering institutional changes that allocate or reallocate rights, it is 
not only effects by income class that may be important. Bromley (1991, p. 226) 
observes that “significant progress on air and water pollution turns criti- 
cally on the distribution (incidence) of different kinds of benefits and costs, 
not just by income class, but by job category, by location of residence, by 
education level, and by a number of variables rarely pondered in economic 
analysis.” 


These considerations about the appropriate basis for evaluation bear par- 
ticularly on the evaluation of public goods, including many environmental 
services (for example, air for breathing and for carrying away exhaust fumes), 
the allocations of which are public (political) decisions. Who holds rights to 
which services (to emit exhaust fumes or to breathe free of exhaust fumes?) ? 
Accordingly, in determining people’s values for environmental services, is 
the correct measure WTP or WTA? Furthermore, are the correct measures 
of social value based only on people’s monetary assets, or on their total 
assets (including their non-monetary shares of environmental services) or 
on what they would be if income or assets were equalized? 


All of these general considerations with regard to evaluation apply to evalu- 
ation of the social costs of environmental damage, including environmental 
damage from passenger transportation. From an economic perspective, 

the general problem of environmental damage is that use of one environmen- 
tal service (for example, air for carrying away exhaust fumes) can alter 

the environment and reduce the benefits (or impose costs) from use of the 
same or another environmental service (for example, air for breathing) by 
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someone else or by society at large.® There are thus “external costs” from 
the first use for the second use. Of course, even to refer to “environmental 
damage” and “external costs” assigns some presumptive rights to the 
second use. 


The most immediate form of environmental damage is damage to our health. 
In economic terms, health is treated just as any other service. Given an ini- 
tial endowment of health and other assets, the cost of a loss in health is 
equivalent to the minimum amount of compensation the person would 
have required in order to have suffered the loss voluntarily. If other people 
also suffer a loss from a reduction in health of the person, then the total 
cost should also include compensation for their losses. There are several 
types of loss, including direct monetary costs as well as losses in well- 
being, that bear consideration with regard to compensation: “(1) medical 
expenses associated with pollution-induced diseases, including the oppor- 
tunity cost of time spent in obtaining treatment; (2) lost wages; (3) defensive 
or averting expenditures associated with attempts to prevent pollution- 
induced disease; (4) disutility associated with the symptoms and lost oppor- 
tunities for leisure activities; and (5) changes in life expectancy or risk of © 
premature death” (Cropper and Freeman, 1991, p. 166). 


Similarly, with environmental damage in the form of damage to natural 
resources (including crops) and materials, the cost of the loss is equivalent to 
the minimum amount required to compensate for the loss in the quantity or 
quality of the products or services derived from these resources or materials. 


3.2 TYPES OF VALUE 


3.2.1 Direct Use Value 


In the case of cultural artifacts and environmental amenities, there are sev- 
eral aspects of value to be considered. This discussion has referred mainly 
to the value that can be derived from immediate uses, or direct use value, of 
goods and services (including environmental services). In referring to envi- 
ronmental amenities, it is often necessary to be careful about what constitutes 
“use.” The value of such amenities often derives not only from direct expe- 
rience, but also indirect experience through literature, photographs, films 
and television. This type of value is sometimes distinguished as “vicarious 
use value.” 
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3.2.2 Option Value 


Economists also recognize that goods and services can have kinds of value 
other than their immediate use value. Even if people do not currently use a 
good or service, if the future supply (availability) of the good or service is 
uncertain, they might be willing to pay to secure the option to purchase the 
good or service in the future. Similarly, even if future supply is not an issue, 
they might be uncertain about whether they want to purchase and use a good 
or service in the future, and hence might be willing to pay to maintain that 
option. The types of value implicit in this willingness to pay are referred to by 
economists as “supply option value” and “demand option value” respectively. 


3.2.3 Quasi-Option Value 


A somewhat related, but distinct, type of value applies in the case of actions 
toward the environment which are expected to have irreversible, but uncer- 
tain consequences, and where the uncertainty over the consequences could 
be resolved over time. For example, there might be uncertainty about the 
benefits that could be derived from preservation of an ecosystem that would 
be irreversibly harmed by a particular project. Then there is a value, which 
economists call “quasi-option value,” in maintaining options for future use 
while more complete knowledge is obtained. 


3.2.4 Existence Value 


Apart from willingness to pay for present and possible future use of envi- 
ronmental amenities, people may be willing to pay just to secure the exis- 
tence of an environmental amenity (for example, wildlife in a particular area), 
whether or not they expect to experience it directly or indirectly. Economists 
refer to this kind of willingness to pay as “existence value.” Furthermore, 
people may be willing to pay for the existence of these amenities not only 
for themselves, but also for their progeny and future generations. This kind 
of willingness to pay is sometimes referred to as “bequest value.” 


In practice, it is often very difficult to know whether people really distin- 
guish among vicarious use value, existence value and bequest value 
conceptually or in their behaviour. Thus, these three forms of value are 
often subsumed under a more general concept of existence value; this is 
the practice that will be followed here. 
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3.2.5 Summary 


Economists have recognized three general types of value that make up 
people’s willingness to pay (or to accept payment) for non-marketed envi- 
ronmental amenities: use value, option value and existence value. Conse- 
quently, the social costs of environmental damage can be measured in 
terms of losses in these values. | 


It is apparent that the economic approach to evaluation places exclusive 
weight on the values people attach to things relative to the value they place 
on their other assets: how much of their other assets they would be willing 
to forego to obtain a valued item, or how much they would have to be com- 
pensated to be willing to give up a valued item. This approach can be chal- 
lenged in several regards. First, it is clear that it is a strictly anthropocentric 
basis for evaluation. On the other hand, it is difficult to conceive of a method 
of evaluation that is not anthropocentric. Nevertheless, a basis of evaluation 
that is not anthropocentric would seem to be implied by the “biocentric” 
world views offered by advocates of “deep ecology” (Devall and Sessions, 
1985; Naess, 1989). According to such world views, the validity of an evalu- 
ation is not derived merely from human volition, but rather is subject to 
broader ecological criteria. Second and furthermore, the economic approach 
to evaluation depends substantially on people’s knowledge in making eval- 
uations of environmental services, although even scientists are often unsure 
about the importance of ecosystem components and functions. As remarked 
by Costanza (1991, p. 336), “[t]he public is most likely far from being fully 
informed about the ecosystem’s true contribution to their own well-being, 
and they may therefore be unable to directly value the ecosystem’s services.” 


Mindful of these limitations, the strength of the economic approach to eval- 
uation is that it tries to provide an indication of people’s “true” preferences 
in the aggregate (in terms of the maximum they would be willing to give up, 
and the minimum they would have to be compensated), given the current 
distribution of assets (and liabilities). One may question whether the status 
quo is an appropriate basis for social evaluation, and doubt whether people 
are sufficiently informed or entitled to make evaluations of ecosystems 

and their services, but nevertheless believe that this measure of value pro- 
vides useful information to consider in economic and environmental policy 
making. In any case, it should not be forgotten that it is also incomplete 
and potentially misleading information, unless it is supplemented by other 
information, such as economic information on the incidence of costs and 
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benefits, and ecological information on the sustainability of environmental 
uses. The need for this supplementary information should be borne in mind 
in interpreting the information on social costs provided here. 


3.3 METHODS FOR ASSESSING BENEFITS AND COSTS 


The economic benefits and costs of any change in a person’s situation fall 
into two categories: 


* gains and losses to their monetary assets (or assets sold for money); and 


¢ increases or decreases in their non-monetary wealth or well-being. 


3.3.1 Direct Cost Assessment 


The benefit or cost of a change of the first category can be taken to be just 
the monetary value of the assets, because compensation for the benefit or 
cost could be made simply by restoring the monetary assets of the person 
to the initial situation. Some of the costs of environmental damage can 

be considered as this kind of direct cost.’ Care must be taken where the 
damage is sufficiently widespread to affect prices. In this case, costs, and 
the distribution of costs, will be determined by the market response to the 
loss incurred by the damage. 


This subsection is mainly concerned with methods for evaluating changes 
of the second category. All of these methods are direct or indirect ways of 
determining the values people assign to changes in their non-monetary 
wealth or well-being, usually in terms of WTP for improvements or for 
avoiding losses, and sometimes in terms of WTA losses. One of the practi- 
cal problems with these methods is that they can often be applied only to 
indicate WTP. However, if rights are initially assigned on the basis of prior 
use or non-destructive use, for example, then the appropriate measure of 
value is the WTA of the bearers of those rights (Krutilla and Fisher, 1985). 
Until recently, it was commonly assumed by economists that WTP and WIA 
should be equivalent, so that a measure of WTP could be substituted for 
WTA where required. This was based on the assumption that value func- 
tions are “smooth,” that is, there are no abrupt changes in marginal value 
according to quantity consumed. As already indicated, there is now sub- 
stantial evidence that WTA is often several times greater than WTP in com- 
mon situations (Knetsch and Sinden, 1984; Knetsch, 1984). This suggests 
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that value functions are often “kinked” at some “reference quantity,” which | 
; { 
is usually the quantity currently consumed. | 


There are three main methods for evaluating well-being: 


¢ household production function (HPF) methods; 
¢« hedonic methods; and 


* contingent valuation methods (CVM). 


The first two methods are indirect ways of assessing preferences by inference 
from market behaviour: these are said to be “revealed preferences” indi- 
cated by observable behaviour. The third method determines preferences 
directly by surveys with interviews. 


Two other methods of evaluation for environmental costs are mooted: 


* costs necessary to meet national targets for emission reductions; and | 


¢ costs implicit in previous decisions or mitigation measures. 


Both methods are based on the premise that evaluations already reached 
through the policy process are a more appropriate guide to further policy 
development than individual evaluations. There is an apparent circularity in 
these methods, in that evaluation appears to become immune from any cri- 
teria external to the policy process. Nevertheless, it might be maintained that 
these methods take better account of some of the considerations concerning 
the incidence of costs and benefits and the sustainability of the environ- 
mental uses broached at the end of the previous section. To avoid the circu- 
larity of the policy-based methods, these considerations could be taken into 
account explicitly. For example, if “no net loss” of “natural capital” (Pearce 
and Turner, 1990) is adopted in policy as a basic condition and commitment 
of sustainability, a “sustainability premium” (ibid.) could be added to the 
values determined by the previous methods to ensure this condition. 


3.3.2 Household Production Function (HPF) Methods 


HPF methods are based on the observation that many goods and services 
bought by consumers are only intermediate products that households use 
as inputs into their own production processes to produce goods and services 
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for final consumption. This “household production” also draws on environ- 
mental conditions. In particular, there is a strong relation between household 
expenditures on some goods and services and the use of environmental 
amenities or avoidance of environmental disamenities. The amounts house- 
holds are willing to pay for marketed goods and services can thus be used 
to infer evaluations of environmental amenities and disamenities. 


HPF methods usually consider one particular good or service, and assume 
that prices for that good or service for each household are established 
already. Given these prices, the HPF method applies to observations of 
which households purchase the good or service, and in what quantities. 


The HPF method used the longest and most extensively is the travel-cost 
method (TCM) for evaluating recreational sites. In this method, the “prices” 
that distinguish among households are the costs of travelling to the recrea- 
tional site, with higher costs generally associated with greater distances 
from the site. | 


Recently, the HPF method has also been used for the evaluation of factors 
affecting health by recording defensive or averting behaviour. For example, 
frequencies of visits to doctors and purchases of water filters and household 
detectors or tests for naturally occurring radioactive radon gas have been 
used to assess knowledge and evaluations of associated health effects 
(Smith, 1991). In the case of emissions from transportation, if the purchase 
of air conditioners, especially car air conditioners, could be considered, at 
least in part, defensive expenditures to filter air, then this method might 
apply. Of course, there would immediately be a problem of how to attribute 
expenditures on air conditioning between air filtering and air cooling. 


Practical applications of HPF methods generally require restrictive, simpli- 
fying assumptions about the factors that determine purchase decisions. 
The data requirements of these methods grow exponentially with the 
number of factors under consideration. 


3.3.3 Hedonic Methods 


Like HPF methods, hedonic methods depend on hypothesized relationships 
between purchases of marketed goods and services, and evaluations of 
related environmental amenities or disamenities. In this case the marketed 
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good is often real estate (usually residential property or agricultural land) 
and sometimes labour. 


In hedonic methods (sometimes called hedonic price methods), prices are 
functions of numerous factors, including environmental factors. For example, 
it might be hypothesized that residential property prices are related to envi- 
ronmental amenities in the area. If so, this price information can be used to 
infer values (willingness to pay) for these amenities. For example, houses 
near an airport affected by noise might sell for less than comparable houses 
not near the airport, reflecting some of the costs people attribute to the noise. 


Similarly, if it is hypothesized that people are willing to work for lower 
wages in locations with higher environmental amenities, this should be 
reflected in wage rates, and the value people assign to these amenities 
can be inferred from wage rates. 


Although hedonic methods are straightforward in principle, there are several 
practical difficulties in applying them. The main difficulties are likely to be in — 
producing statistically significant results, when environmental amenities 
may only constitute a few minor factors among a large number of other fac- 
tors which affect prices. In the case of residential properties, in particular, 
the characteristics of the properties and their neighbourhoods, as well as 
the accessibility to transportation and work locations, are likely to be factors 
of greater, or at least equal, importance than environmental amenities. Fur- 
thermore, there might not be substantial differences in some environmental 
amenities within the geographic extent that can be identified with a partic- 
ular residential property market. Differences in other factors could raise 
difficulties for comparisons between markets. 


Another difficulty in applying hedonic methods is making assumptions about 
the mathematical relationships between prices and the characteristics of 
relevance in determining price. The more general the starting assumptions, 
the more data will be required to specify the mathematical relationships. 
Data requirements are likely to be the greatest difficulty in applying hedonic 
methods, especially where there is a need to assess demand (willingness to 
pay) over a wide range of environmental quality. Nevertheless, there have | 
been a number of notable demonstrations of hedonic methods, and progress 
is being made in refining the methods for easier and more reliable application 
(Palmquist, 1991; Pearce and Markandya, 1989; Cropper and Oates, 1990). 
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3.3.4 Contingent Valuation Methods 


Contingent valuation methods (CVM) use survey questionnaires to ask people 
their WTP or WTA for particular benefits or losses. Sometimes, people are 
asked to indicate a maximum value in dollars, or to select a maximum value 
from a range of values. More often, they are asked if they would be willing 
to pay a given amount: if they accept, the amount is raised; if they decline, 
the amount is lowered, until the maximum amount they are willing to pay is 
determined. Sometimes, the interviewer indicates verbally or with a chart 
the amounts paid for similar benefits for comparison. | 


A study conducted in Berlin in the mid-1980s (Schulz, 1985 as reported in 
Schulz and Schulz, 1991) is an example of an application of the CVM method 
to evaluating urban air quality. Residents of Berlin were surveyed to deter- 
mine their willingness-to-pay for each of four kinds of air quality: Berlin air 
(where air quality may warrant a smog alarm); big city air (where air quality 
does not warrant a smog alarm); small town air; and vacation spot or holi- 
day resort air. Further, respondents, through their answers to several ques- 
tions, were classified according to their knowledge about air pollution and 
its effects. When the results of this survey were extrapolated for the whole 
Federal Republic of Germany at that time (population approximately 60 mil- 
lion), the estimated benefit was DM14 billion (approximately CAN$160 per 
capita) per annum for improvement of air quality to small town air quality, and 
DM30 billion (approximately CAN$350 per capita) per annum for improve- 
ment to the standard of vacation spot/resort air quality. If corrections were 
made for the “information deficits” of less informed respondents, these 
willingness-to-pay estimates increased to DM28 billion (CAN$320 per capita) 
per annum and DM48 billion (CAN$560 per capita) per annum respectively. 


Many economists were originally very skeptical whether the CVM method 
could produce useful information because of the number and magnitude of 
the biases that can affect results. The different kinds of potential bias have 
been extensively catalogued and reviewed by Mitchell and Carson (1989). 
For example, simple applications of the method might be open to a kind of 
“strategic bias,” whereby respondents would give values higher than their 
actual WTP, in the expectation that this might help to secure the benefit, 
and believing they would not actually be required to pay in proportion to 
the value they indicate. If the application of the method includes actual pay- 
ment (perhaps from an initial fixed “gift”), then respondents might indicate 
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a value lower than their actual WTP, in the belief that their stated value 
would have little effect on securing the benefit, so that the expected value 
of a high bid is small compared with the value of limiting their payment. 


In any attempt to assess WTA for a loss after the loss has occurred, stra- 
tegic bias is a problem. It is only somewhat less of a problem before the 
loss has occurred. Thus, CVM, like the other methods, appears to be most 
readily applicable to assessing WTP. This is still a problem in using these 
methods to assess the social costs of environmental damage. 


There are many other potential sources of bias in CVM (Pearce and Turner, 
1990; Carson, 1991; Mitchell and Carson, 1989). Nevertheless, substantial 
progress has been made, especially in the last decade, in developing ways 
of testing for and controlling these biases (Carson, 1991; Mitchell and Carson, 
1989). As a result, CVM is now more commonly applied and accepted. It 
also has the great advantage of often being the only method that can be 
used to assess all the types of values, not just the use and option values. 


In spite of the advances in developing CVM, application design still requires 
great sophistication to produce reliable results. CVM questionnaires generally 
require numerous questions to characterize and check the validity of the 
evaluation responses; sampling and analysis procedures can also be quite 
complex. Although CVM is gaining acceptance among economists, it is 
perhaps the method with the furthest to go in winning acceptance outside 
the profession. | 


3.4 APPLICATION OF EVALUATION METHODS TO ENVIRONMENTAL 
DAMAGE 


Not all the social costs of environmental damage can be measured by each 
of the evaluation methods. Table 1 indicates which of the methods might 
apply to each type of social cost mentioned in subsection 3.1. 


The “direct costs” of environmental damage apply where there is a direct 
monetary (“out-of-pocket”) loss from the damage. As shown in the table, this 
would be the case with medical expenses, lost wages, defensive or averting | 
expenditures, costs of material repair, and loss of the natural resource pro- 
ductivity. Of course, in each case, there will be different degrees of difficulty 
in establishing the causal relationship between the purported agent of 
environmental damage and the loss. 
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Table 1 
APPLICABILITY OF EVALUATION METHODS TO THE SOCIAL CosTs OF ENVIRONMENTAL DAMAGE 


Defensive/ Contin- 
averting | Travel gent 
behaviour| cost valuation 
method 


Health and comfort | medical expenses 
(incl. opportunity 
cost of time) 


lost wages 


defensive or averting 
expenditures 


disutility of symptoms 
and lost leisure 


changes in life expec- 
tancy and risk of death 


Material damage cost of repair/replace- 
ment/cleaning 


loss of cultural heritage 
— use value 


loss of cultural heritage 
— option value 


loss of cultural heritage 
— existence value 


Natural loss of natural resource 
environment productivity 


loss of natural 
amenities — use value 


loss of natural 
amenities — option 
value 

loss of natural 


amenities — existence 
value 


With regard to HPF methods, the averting behaviour method could, in 
principle, apply to all the costs, if suitable averting behaviours could be 
identified for each. In practice, the averting behaviour method has been 
applied most readily to health effects. In all cases, it should be noted that 
this method provides only ex ante WTP of people’s expectations of costs. 
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It might be argued that it is ex post WTA that is likely to be more relevant | 
for the purposes of policy making. 


Also among HPF methods, the travel cost method applies to the use values 
of cultural artifacts and natural amenities. To use the travel cost method for 
the evaluation of environmental damage, it would be necessary to apply the 
method before and after the damage occurs, or have multiple “equivalent” 
alternatives differing only in environmental quality. 


The hedonic methods are most likely to be applicable to health damage and 
reductions in the use and option values of natural amenities in residential 
areas. In principle, both the wage rate method and the residential property 
price method could be applied to all these values. In practice, the wage rate 
method has been applied to the evaluation of workplace health risks, and 
the residential property price method has been applied to the evaluation of 
use and option values of environmental amenities in residential areas. The 
hedonic method could also be applied to evaluate the costs of environmental 
damage to agricultural land, using agricultural land prices. 


In principle, the contingent valuation method could apply to all costs, but it 
would usually be inappropriate to use it to solicit hypothetical evaluations 
of direct costs where actual data about these costs can be obtained. If care is 
taken to avoid “double-counting” (that is, including the same value twice), 
then the different value or costs can be added to give total values and costs. 


Many economists favour research designs in which two or more evaluation 


methods are applied to the same object of value, in order to compare 
results among the methods. 


4 ENVIRONMENTAL DAMAGE 


As was indicated in Section 2 there are three aspects of environmental 
damage to be considered: 


¢ changes in resource requirements, which can be measured using life-cycle 
analysis techniques; 


* changes in physical and chemical discharges, measured by environmental 
risk assessment techniques; and 
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* changes in land-use patterns, generally expressed in terms of changes in 
habitat availability or “ecological analysis.” 


Though research has focussed on environmental risk assessment because 
of its direct applicability in determining toxicity to humans and morbidity, 
all three aspects are necessary if a complete assessment of environmental 
damage is to be developed. There is a connection between the three types 
of damage: changes in physical and chemical discharges can often be traced 
to changes in the processing and use of resources, and physical and chemi- 
cal discharges alter resource quality which can affect habitat availability. As 
a result, the techniques cannot be looked at in isolation. They must be exam- 
ined as a system, with the data coming out of one method of assessment 
feeding into another method of assessment. 


Procuring all the data required for each type of assessment is difficult. Never- 
theless, it is possible to draw some conclusions from the available data. Only 
some of the data will be directly applicable to valuing the damage. This sec- 
tion presents the quantitative and qualitative data which are to be considered 
in the valuation of the damage attributable to each mode of transport. 


4.1 DAMAGE DUE TO CHANGES IN RESOURCE REQUIREMENTS 


Resource use is associated with three types of environmental damage: the 
impact of emissions released during the extraction of resources, the effect of 
resource extraction on land-use patterns and the reduction in resource capital. 


The loss of resource capital is not directly damaging to the environment; 
rather it is the implication of resource extraction to long term sustainable 
development which is of concern. Such damage can be expressed in terms 
of the rate of capital depletion and the potential for resource substitution. 


This subsection outlines the resource use associated with the manufacture 
of transport vehicles and the infrastructure required for their operation as 


well as the operation of vehicles. 


Vehicle manufacture: Resources are required at each stage of manufacturing 
including: 


* the extraction of natural resources; 
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¢ the processing of natural resources into final materials; 


¢ parts assembly; and 


¢ vehicle assembly. 


A complete inventory of resource use, emissions and waste for each stage 
cannot be compiled as data are often unavailable, or aggregated to a level 
where they are no longer representative of individual processes (VHB, 
1991c). Assembling a series of comparable data for different transport 
vehicles is further complicated by inconsistent monitoring and reporting 
procedures. 


Of all the resources under consideration, energy-use data are most readily 
available. Energy-use data can be assembled for the manufacture of the 
four basic materials used in transport vehicles — steel, aluminum, rigid 
plastic and glass. 


Where energy data are disaggregated by fuel type, air emissions can be 
estimated using emission factors.8 Emissions from vehicle manufacture 
averaged over the lifetime of the vehicle should be added to emissions 
from vehicle operation. | 


Construction and maintenance of infrastructure: Resource use and emissions 
from the construction and maintenance of roads and depots also contribute 
to the environmental damage from transportation. Table 2 shows the approxi- 
mate amount of energy used to make the asphalt and lay one kilometre of a 
four-lane (two lanes x two directions) highway. Note that the values do not 
include the energy contained within the tar of the asphalt, the energy required 
to prepare the ground for paving or the energy required to manufacture and 
distribute street furniture, such as safety barriers. 


The energy used to construct one kilometre of highway is about 32 GJ. 
However this requirement is negligible when compared to the energy 
required by the road vehicles using the same length of highway. 


Table 2 
Enercy REQuiRED To Pave Roapways 


pavement manufacture} 2,000 MJ 4,000 tonnes of asphalt required per km of 
4-lane highway (personal communication 
with Bayne Potapchuk, D. Crupi and Sons, 
Scarborough) 


approximately 0.5 MJ/tonne asphalt 
(Brown 1985) 

pavement laying 10,400 to 30,800 MJ} 270 to 800 tonnes oil equivalent (OECD, 1988) 
1 tonne = 1.17 ML crude (LeBlanc, 1992) 


1 ML crude = 38.51 TJ (Statistics Cariada, 
Catalogue No. 57-003) 


Fuel manufacture and distribution: The environmental impacts of oil refineries 
are numerous. Air pollutants released in large quantities include sulphur 
dioxide, hydrocarbons, nitrogen oxides, carbon monoxide and particulates. 
Conventional contaminants measured in process effluents include total 
organic carbon, dissolved organic carbon, ammonia, nitrogen, total and 
volatile suspended solids, sulphides, phosphorous, oil and grease, phenolics 
and pH. Benzene, ethylbenzene, toluene, and xylene have been detected in 
significant amounts in refineries. Chromium and zinc have also been found 
in high levels in the effluent. In addition, oil refineries produce potentially 
toxic wastes consisting of sludges from effluent treatment, spent catalysts 
and tars (VHB and Canviro, 1991). 


Gasoline has a high vapour pressure compared to other liquid transportation 
fuels. This pressure, in combination with the large volume of gasoline used 
in the transportation sector, means that gasoline distribution and marketing 
accounts for about 10 percent of the total hydrocarbon emissions in Canada 
(Table 3). These emissions arise due to: 


* the escape of vapour during storage and transfer of fuel between the 
refinery and retail stations; and 


¢ leakage during vehicle refuelling at the gasoline pump (Transport Canada 
~ and Environment Canada, 1989). 
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The development of alternative fuels has long been seen as a desirable 
measure to reduce the transportation sector’s dependence on fossil fuels. 


Electric cars are considered by some to be the most promising of alternative 
vehicles, with prototypes being tested by the major North American car 
manufacturers. Though these cars have no exhaust emissions, pollutants 
are released during the generation of electricity, particularly the emissions 
associated with coal-fired generating plants. The risks associated with nuclear 
plants should also be considered when determining the total environmental 
costs of electricity-powered vehicles. 


Operation and Maintenance: The disposal of hazardous or potentially 
hazardous components of transport vehicles may also result in significant 
environmental damage. Car batteries contain cadmium, mercury and lead 
which are released as the battery corrodes. Batteries are to be deposited in 
special hazardous waste landfills which are designed to contain the hazardous 
materials. However, leaks from such landfills are common. 


Coolants used in the air conditioning systems of transport vehicles contain 
CFC-12 which is known to cause ozone depletion and is thought to contri- 
bute to global warming. Although coolants can be refined and recycled 
on-site, only some service stations offer this service. 


Spent motor oil contains organic contaminants such as PCBs, benzene 

and toluene. It may also contain some lead. Traditionally, waste oil has been 
used as a dust suppressant on unpaved roads, reused or released to sewer 
systems or non-hazardous landfills. Because of its potentially hazardous 
qualities, Ontario recently banned the use of motor oil as a dust suppressant. 
Waste oil can easily be recycled, and many service stations offer this service. 


Used tires when improperly stored are inflammable, as exemplified by 

the recent used-tire fire in Hagersville. Recycling can only absorb a small 
fraction of the tires generated. Although tires can be burned for use as an 
energy source, this has been banned in some jurisdictions due to concerns 
over the emissions from combustion. Because of the high cost of landfill 
disposal, tires are often illegally dumped or stored in unsafe piles (Pilorusso, 
VHB and T.A.G., 1990). 


4.2 DAMAGE DUE TO CHANGES IN PHYSICAL AND CHEMICAL 
DISCHARGES 


This section provides a detailed explanation of environmental risk assessment 
including: 

¢ identification of discharges; 

¢ estimation of pollutant loading; 


¢ a description of the fate of those discharges and some of the secondary 
effects associated with them; | 


* an assessment of the receptors which are exposed to those discharges 
and what the level of exposure might be; 


¢ a review of the toxicological data and implications of exposure; and 


* an assessment of the individuals or populations at risk. 


As indicated in the last section, discharges include emissions to water and 
air resources as well as the disposal of solid hazardous and non-hazardous 
waste. Discharges can be attributed to the manufacture and operation of 
transport vehicles as well as the construction and maintenance of the 
transportation infrastructure. 


An assessment of the risk associated with physical and chemical discharges 
should include all these sources of pollution. Research, however, has focussed 
on air emissions from the operation of transport vehicles, and data on the 
type and extent of emissions from other aspects of transportation are, in 
general, not available. As a result, the examples in the discussion focus on 
atmospheric discharges from vehicles since these data are most readily 
available. 


4.2.1 Identification of Discharges 
The emissions of major concern are: 


¢ hydrocarbons (HC) 


¢ oxides of nitrogen (NO,) 
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* carbon monoxide (CQO) 
¢ carbon dioxide (CO>) 
¢ particulates, sulphur dioxide (SO>) 


¢ chlorofluorocarbons (CFCs). 


Other more toxic compounds (heavy metals such as cadmium or lead) are 
of concern in particular instances. 


Hydrocarbons: Hydrocarbons (HC) are the volatile portion of unburned 

hydrocarbons (fuel) emitted from vehicle engines. The main sources of 
unburned hydrocarbons are exhaust gases and evaporative losses from 
engines and during refuelling. 


Private passenger motor vehicles account for more than 75 percent of HC from 
transportation sources. The transportation sector as a whole accounts for 
about 43 percent of HC emissions from all anthropogenic sources (Table 3). 


Exposure to hydrocarbons has been shown to cause skin irritation and has 
also been linked to the increased incidence of leukemia in the vicinity of 
large point sources (OECD, 1988). The ecological impact of hydrocarbon 
emissions, however, is most apparent in their contribution to the creation 
of ozone during reaction with nitrogen oxides and sunlight. 


Oxides of nitrogen: The major source of NO, is the burning of diesel in the 
internal combustion engine. The transportation sector is the major contribu- 
tor — about one half of total NO, emissions from all sources in Canada. 


Nitrous oxides result in human respiratory and circulatory ailments, vegeta- 
tive effects, material damage to textiles, fabrics, plastics and rubber, and 
impaired visibility. Nitrous oxides are also a precursor of low level ozone, 
and contribute to ozone layer depletion, global warming and acid deposition 
(VHB, 1991b). 


Carbon monoxide: Carbon monoxide (CO) is a by-product of the combustion 
of fossil fuels. Private passenger motor vehicles account for about 80 percent 
of CO emissions from transportation sectors. Just over one half of total CO 
emissions in Canada originate from transportation sources (Table 3). 
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Elevated CO levels cause a number of adverse effects on human respiratory 
and cardiovascular systems. Carbon monoxide is also a contributor to the 
creation of low level ozone, which affects human health and damage vege- 
tation and materials. It is a radiative gas contributing to global warming 
(VHB, 1991b). 


Carbon dioxide: Carbon dioxide (CO;) is a by-product of the burning of fos- 
sil fuels. The transportation sector accounts for about one quarter of total 
CO, emissions in Canada (Table 3). Carbon dioxide does not pose a risk to 
humans, materials or ecosystems directly but is a major anthropogenic con- 
tribution to global warming which could damage human health, ecosystems 
and materials. 


Particulates: Particulate (aerosol) emissions are a significant portion of 
diesel exhaust. Only a small amount of total diesel particulate emissions in 
Canada arise from the transportation sector. Aerosol particulate consists of 
approximately 75 percent carbon (soot) and 25 percent polycyclic aromatic 
hydrocarbons (PAHs) (VHB, 1991b). Soot is a major cause of smog. A num- 
ber of PAHs found in diesel particulate are known or suspected carcinogens 
and mutagens. 


Particulate fibres from the transportation sector also result from the wearing 
of brake linings and tires containing asbestos (OECD, 1988). Asbestos fibres 
may cause respiratory and cardiovascular problems in humans. 


Visibility may be limited due to haze, and fabrics and surfaces may be 
discoloured due to the settling of particulates on exposed surfaces. 


Sulphur Dioxide: Sulphur dioxide (SO2) emissions from the transportation 
sector arise from the burning of fossil fuels and account for only about 

2 percent of total SO, emissions in Canada. Sulphur is present in diesel fuel. 
Sulphur dioxide causes adverse respiratory problems and contributes to 
acid rain which indirectly affects health by increasing the risk of mercury 

or lead poisoning or intoxication from other elements in the environment. 
Acid deposition onto certain watersheds also damage the aquatic system 
through altering the pH level of the water. Sulphur dioxide emissions can 
also result in materials damage and decreased visibility. 
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The sulphur content of diesel fuel determines the quantity of particulate emis- 
sions emitted by diesel engines. High sulphur content appears to increase 
the organic soluble fraction of the particulate matter (Pilorusso, 1986). As 
particulate emissions from diesel engines are reduced, sulphur becomes a 
larger portion of total particulate emissions. Engine manufacturers and fuel 
producers in the United States have agreed that engines designed to meet 
particulate emission standards must have less than 0.05 percent sulphur 
content in diesel fuel (Transport Canada and Environment Canada, 1989). 
The result will be a further lessening of sulphur emissions from the 
transportation sector. 


Chlorofluorocarbons: Chlorofluorocarbons, specifically CFC-12, are used as 
blowing agents and coolants in air conditioning systems and, CFC-1%, in the 
production of foam padding and seats. The transportation sector is a small 
user of total chlorofluorocarbons. These synthetic chemicals contribute 

to stratospheric ozone depletion, and may contribute to global warming 
(IPCC, 1990). ; 


4.2.2 Estimation of Loading 


Baseline emissions of these contaminants in Canada are presented in Table 3. 
The transportation sector accounts for between 25 and 30 percent of all CO, 
emissions in Canada. Transportation is not a major contributor to SO, and 
particulate emissions — about 2 percent and 1 percent respectively of total 
estimated emissions in Canada. About one half of all NO,, hydrocarbon and 
CO emissions in the country originate from the transportation sector. The 
relative contribution of each transportation mode to the emission of each 
contaminant of concern is also presented in Table 3. The major source of 
emissions in the transportation sector is the operation of passenger motor 
vehicles, except for SO,, where heavy duty trucks, air, marine and rail 
modes of transport are the greatest sources of emissions. 


Table 4 presents the estimated operating energy use and air emissions of 
major contaminants by mode of passenger transportation on a unit basis. 
Energy efficiency data are fleet averages unless otherwise stated. The data 
reflect the differences in vehicle occupancy between the various modes of — 
passenger transport and provide a standard for comparison. 
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The greatest amount of energy used on a passenger-kilometre basis (pass-km) 
is from the operation of passenger air service, between 2.00 and 4.59 MJ/ 
pass-km. Rail service is the second largest energy user per passenger- 
kilometre, 1.73 to 3.28 MJ/pass-km. Marine transport is the most fuel effi- 
cient requiring only 0.11 to 0.25 MJ/pass-km. Intercity bus travel is the sec- 
ond most fuel efficient mode of passenger transport demanding 0.52 to 
0.94 MJ/pass-km. Passenger motor vehicles required about 1.70 MJ/pass- 
km, in 1989.9 


Emissions of each pollutant per passenger-kilometre are also presented 
in Table 4. The highest emission rate of CO2 is from air and rail passenger 
transportation (between 140 and 325 g/pass-km and between 122 and 

232 g/pass-km, respectively). The least amount of CO, is emitted from 
marine transport, between 9 and 20 g/pass-km. Passenger motor vehicles 
emit about 116 g/pass-km of CO, and intercity buses between 37 and 

67 g/pass-km. 


On a passenger-kilometre basis, the predominant source of SO, is passen- 
ger rail transportation, emitting 0.2 to 0.4 g/pass-km. The other modes emit’ 
less SO,, about 0.02 g/pass-km from air transport, 0.06 to 0.11 g/pass-km 
from intercity bus, 0.14 g/pass-km from passenger motor vehicles and 
between 0.1 and 0.2 g/pass-km from marine vessels. 


The major source of NO, is rail transport, 2.5 to 4.7 g/pass-km. Private pas- 
senger motor vehicles emit between 0.6 and 0.8 g/pass-km and intercity bus 
transportation between 0.5 and 0.9 g/pass-km. Nitrous oxides emissions 
from air range greatly, between 0.1 and 0.8 g/pass-km and emissions from 
marine transport are small, between 0.01 and 0.03 g/pass-km. 


Passenger motor vehicles emit between 0.8 and 1.0 g/pass-km of HC. The 
remaining modes of transport emit less. Air transport emits between 0.1 and 
0.2 g/pass-km and rail transport between 0.1 and 0.6 g/pass-km. Intercity 
bus transportation emits about 0.1 g/pass-km. Emissions of HC from marine 
transport are negligible. 


The highest emissions of particulates are from passenger motor vehicles, 
about 0.6 g/pass-km. Rail transport emits between 0.1 and 0.3 g/pass-km 
and intercity bus transport about 0.04 g/pass-km. Air and marine transport 
emit negligible amounts of particulates. 
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Private passenger motor vehicles are the largest contributor of CO emitting 
between 3.7 and 5.8 g/pass-km. Rail transportation emits between 0.1 and 
1.9 g/pass-km. Carbon monoxide emissions from air transport vary between 
0.1 and 0.3 g/pass-km, and from intercity bus transport emissions vary 
between 0.2 and 0.4 g/pass-km. Marine passenger transportation emits 
between 0.04 and 0.1 g/pass-km. 


Detailed data on generation of HC, CO and NO, for different types of private 
passenger motor vehicles are presented in Tables 5, 6 and 7. The data indi- 
cate the range of pollutant emissions possible. The difference in gasoline 
emission rates between provinces reflects differences in provincial fuel 
vapour-pressure standards (personal communication, Francois Terrillon, 
Environment Canada). Emissions also reflect the differences in season, cli- 
mate, type of fuel used and age and maintenance of the vehicle. This does 
not permit the easy estimation of a national emissions factor. Diesel emis- 
sions do not vary significantly between jurisdictions, reflecting the insensi- 
tivity of diesel fuel to many of the factors which affect gasoline emissions. 


Table 5 
HiGHway HypROCARBON Emissions BY Province, 1989 
(G/PASS-KM) 


Light-duty Light-duty Light-duty Light-duty 
gasoline gasoline diesel diesel 
vehicle truck vehicle truck Motorcycles 


British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Ontario 

Quebec 

New Brunswick 
Nova Scotia 
Newfoundland 


Source: Environment Canada, 1991. Transportation Systems Division. 


Note: Assumes 1.8 passengers per vehicle. 


Table 6 
HicHway Carson Monoxipe Emissions By Province, 1989 
(G/PASS-KM) | : 

Light-duty 


gasoline 
vehicle 


Light-duty 
gasoline 
truck 


Light-duty 
diesel 
vehicle 


British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Ontario 

Quebec 

New Brunswick 
Nova Scotia 
Newfoundland 


Light-duty 
diesel 
truck 


Motorcycles 


Source: Environment Canada, 1991. Transportation Systems Division. 


Note: Assumes 1.8 passengers per vehicle. 


Table 7 
HicHway NirroGen Oxipes Emissions By Province, 1989 
(G/PASS-KM) 

Light-duty 


gasoline 
vehicle 


Light-duty 
gasoline 
truck 


Light-duty 
diesel 
vehicle 


British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Ontario 

Quebec 

New Brunswick 
Nova Scotia 
Newfoundland 


Light-duty 
diesel 


truck Motorcycles 


Source: Environment Canada, 1991, Transportation Systems Division. 


Note: Assumes 1.8 passengers per vehicle. 


The light-duty gasoline motor vehicle emissions for HC, CO and NO, given 
in Table 4 are based on emission factors provided in Tables 5, 6 and 7 for 
Ontario — the province having the largest proportion of passenger cars 
registered in Canada. 


Limitations of estimates: The emissions data presented in Table 4 are 
approximations of the expected emissions of each pollutant by transporta- 
tion mode. It is difficult to estimate a “typical” set of emission factors for 
any pollutant or mode of transport — age and composition of the vehicle, 
vehicle fuel efficiency, level of vehicle maintenance, climatic conditions, 
regulatory standards across jurisdictions, vehicle speed, emissions control 
technology, vehicle occupancy, fuel vapour pressure and combustion 
chamber design, all affect emission rates. 


Pollutant emissions on a g/pass-km basis also vary based on the occupancy 
of the transportation vehicle. For example, if the NO, emissions presented 

in Table 4 — 4.7 g/pass-km — are for a passenger rail car at 25 percent occu- 
pancy then the NO, emissions for the rail car at 50 percent occupancy would 
fall to 2.4 g/pass-km. As such, the range of emission factors presented in | 
Table 4 implicitly embody a fixed level of occupancy per vehicle for each 
mode of transportation. 


4.2.3 Estimation of the Environmental Fate of Discharges 


After discharge, pollutants may react with other compounds in the environ- 
ment leading to forms of environmental damage other than those associated 
with direct deposition. This environmental damage is often referred to as 
indirect or secondary effects of emissions, though the potential damage 
caused by those secondary effects may be much more significant than 
those caused by direct discharge. Secondary damage of concern includes: 

¢ global warming from the emission of greenhouse gases, 

¢ stratospheric ozone depletion; 

* the formation of tropospheric ozone or photochemical smog; and 

¢ acid deposition. 


Table 8 indicates the individual pollutants from transportation that contribute 
to these potential causes of environmental damage. 
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Table 8 
SECONDARY EFFECTS OF ATMOSPHERIC POLLUTANTS FROM THE TRANSPORTATION SECTOR 


Global Ozone Photo Acid 
warming depletion j|chemicalsmog| deposition 


Carbon dioxide 
Carbon monoxide 
Nitrogen oxides 
Chlorofluorocarbons 
Ozone? 

Sulphur oxides 
Hydrocarbons 


Source: Barakat and Chamberlin, 1990. 


Notes: 

a Ozone is formed in the atmosphere from NO,, HCs, water vapour (H,O) and sunshine. 
NO, concentrations are believed to be the determinant of the rate of ozone formation. 

b Ozone is not emitted but the transportation sector is a major contributor of the 


principal precursors, NO, and HCs. 


Global warming:"® The transportation sector produces greenhouse gases 
through the combustion of fossil fuels. These gases, primarily CO>, contri- 
bute to global warming. In addition, air conditioners and foam padding in 
transport vehicles may emit CFC-12 which is also a greenhouse gas. 


The Earth’s atmosphere has a limited capacity to absorb gaseous wastes 
and the emissions of greenhouse gases from man-made sources may 
change the world’s ecosystems and radically alter the world’s climate 
(Ottinger et al., 1990, p. 127). 


Many of the gases emitted by the transportation sector, including CO,, CH,, 
N.,O, O3 and CFCs," absorb the infrared radiation (heat). Heat is reradiated 
back onto the Earth’s surface, rather than into space, causing the temperature 
of the Earth’s surface to rise. There is scientific consensus that increases in 
greenhouse gas emission will result in climate change (IPCC, 1990). Although 
the nature and extent of the change, as well as its ramifications for human 
well-being, are uncertain. 


Stratospheric ozone depletion: The transportation sector emits pollutants 


which contribute to stratospheric ozone depletion. Of concern are chloro- 
fluorcarbons used in air conditioning systems and foam cushioning. The 
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destruction of the stratospheric ozone layer permits an increased amount of 
ultraviolet radiation to reach the Earth’s surface, which may result in human 
health, crop, forest and materials degradation. 


Acid deposition: Acid rain is caused by emissions of SO, and NO,. Once 
released into the atmosphere, these substances can be carried long 
distances by the prevailing winds, and return to Earth in acidic forms as 
rain, snow, fog or dust. Environmental damage occurs if the acid precipita- 
tion cannot be neutralized. 


The main sources of SO, emissions in Canada are coal-fired power generat- 
ing stations and industry (non-ferrous ore smelters); the transportation sec- 
tor contributes a minor amount, about 2 percent of total emissions. The 
main sources of NO, emissions, however, are motor vehicles through the 
combustion of fossil fuels. 


Acid rain leads to the acidification of lakes and streams. In some cases 
aquatic life is depleted. Acid deposition on a watershed causes an increase 
in the aluminum concentration of freshwater bodies within that watershed; 
aluminum is more toxic to some aquatic biota than is acidity. 


Increases in the acidity of soil, water and shallow ground water are also 
suspected of causing forest and vegetation damage. Acid rain damages 
buildings and monuments, and is suspected of causing respiratory illness in 
humans. 


Ozone: Observed for decades in urban areas, ozone is now found in rural 
areas, especially in the summer (OECD, 1991). Both nitrogen oxides and 
hydrocarbons contribute to the creation of ozone. The transportation sector, 
particularly private motor vehicles, is a major source of these pollutants. 


The environmental damage caused by ozone includes loss of agricultural 
crop productivity, human respiratory problems and materials soiling 

and degrading. 

4.2.4 Assessment of the Exposure of Receptors to Discharges 


As pollutants move away from the emission source they may be deposited 
or diluted. They may also break down. Very few data are available on the 
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dispersion patterns and concentrations of pollutants emitted on transportation 
routes, but impacts can be expected to diminish with distance. 


Table 9 shows the dispersion of lead and zinc emitted from road vehicle 
exhausts. The data in the table indicate that concentration of lead decreases 
with distance from the road edge. 


Dispersion patterns and concentrations of gaseous pollutants depend upon 
meteorological conditions and can be modelled using computer simula- 
tions. Of all possible road situations, rural highways are the easiest to 
model because the background levels of some pollutants are relatively 

low when compared to areas where there is a dense road network. 


Most models are based on observed data for CO. CO is the easiest gaseous 
transportation pollutant to model because transportation is the predominant 
source of this type of emission, and the effect of background concentration 
is relatively unpronounced. 


Table 9 
DISPERSION OF LEAD AND ZINC EMISSIONS FROM ROAD EDGE 


Lead concentration (ppm, d.w.) Zinc concentration (ppm, d.w.) 


Distance from Road A | Road B | RoadC | Road D | Road A | Road B | RoadC | Road D 
road edge (m) 50,000 | 18,500 | 16,000 | 3,000 | 50,000 | 18,500 | 16,000 | 3,000 


Source: Freedman (1989) modified from Dale and Freedman (1982). 


The rate of fall-off for gaseous pollutants is very rapid. There is little differ- 
ence in the fall-off rates for each of the gaseous transportation pollutants 
(personal communication with Rob Bloxam). There are some complications 
in the modelling of nitrogen oxides due to chemical conversions which take 
place during transport. Particulate fall-out is particularly difficult to model 
due to the abundance of sources in the background. 
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4.2.5 Assessment of Toxicological Data and Likely Mortality or Morbidity 
Implications of Exposure 


Human health: Atmospheric pollutants can cause adverse health effects 
varying from short- term illnesses (morbidity) to death (mortality). In the 
transportation sector the pollutants which pose the greatest health risk 

are NO,, SO>, Oz, HzSO, and HNO3. Table 10 presents the expected health 
effects for the major pollutants associated with the transportation system. © 


Table 10 
HEALTH EFFECTS BY TYPE OF Emission 


Health effects 


- respiratory illness for people sensitive to asthma and bronchitis 


Sulphur dioxide 


* interferes with red blood cells and the ability of the body to 
absorb oxygen 

¢ lowers worker productivity 

* impairs nervous system, coordination, vision, judgement 

* exacerbates cardiovascular disease symptoms (angina, etc.) 

* affects the fetus, young children and sickle cell anemics (lower 
birth rates and increased mortality) 

* works with other air pollutants to promote eric through 
respiratory and circulatory ailments 


Carbon monoxide 


* lowers ability of lung to function properly; irritation, 
emphysema 

* respiratory problems, coughing, runny noses, sore throat in 
children 

* works with other air pollutants to promote morbidity through 
respiratory and circulatory ailments 


Nitrous oxide 


¢ leukemia, mutagens and carcinogens 
skin irritation 


Hydroca rbons 


Particulate matter * respiratory problems . 
* infant mortality and total mortality in urban areas — bronchitis, 
asthmatics and cardiovascular patients (already III) 

asbestos (lung cancer, asbestosis, mesothelioma — cancer 


of lung linings and abdomen) 


* damage to membranes of the respiratory system 
respiratory distress 
eye irritation 


Sources: OECD, 1988; Freedman, 1989. 


Terrestrial Biota: The transportation emissions which are of primary 
concern for terrestrial ecosystems are nitrogen oxides. Nitrogen oxides 
affect terrestrial ecosystems through a number of pathways: 
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¢ direct fumigation or deposition on the plant; 


¢ the development of photochemical oxidants (specifically ozone) arising 


from the reaction of NO, and hydrocarbons with sunlight; and 


through the combination of NO, with atmospheric water to form acid 
deposition. 


The primary impact pathways of transportation related to airborne emissions 
on terrestrial systems (and the pollutants corresponding with each of these) 
are as follows: 


foliar damage due to fumigation (SO, O03, NO,); 
foliar damage due to deposition (SO, HzSO,4, HNO3); 
long-term accumulations in soil (H2SO,, HNO3); and 


physiological stress on livestock and wildlife (SO,, O03, NO,). 


Although there is a great deal of concern regarding the effects of these 
pollutants on forest resources, the body of scientific evidence which links 
specific ambient levels of pollutants to forest damage is meagre. There are 
a number of reasons for this paucity of information: 


Short duration events are often obscured. 


Pollutant dose is often expressed as a function of the pollutant concentration. 
This dose-response technique assumes a normal distribution of ambient 
pollutant concentration over time. Hourly pollutant concentrations (such 
as, ozone) often vary greatly. Acute effects of periodic short-term high- 
pollutant concentrations typically differ greatly from chronic effects 
resulting from long-term exposure (Concord Environmental and VHB, 
1991). Standard pollutant exposure estimation techniques tend to 
underestimate impacts. 


There is a lack of correlation between the findings of laboratory impact 
assessments and actual changes in yield. 


Many scientific experiments are designed to detect changes to the 
morphology and physiology of plants. In most cases, however, these 
changes have not been correlated with changes in yield. This gap 
severely hampers the use of these results for policy analysis. 
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Furthermore, observations made in controlled conditions often do not — 
accurately depict what will happen in the natural environment. Opponents 
to more stringent controls often cite this failure to demonstrate damage 
under “real world” conditions as a principal argument against tighter 
regulations (Concord Environmental and VHB, 1991). 


¢ General observations of terrestrial damage have not been validated. 


Validation of the applicability of laboratory results to “real world” conditions 
can be achieved either through empirical studies or through the develop- 
ment of mechanistic models. The effect of ozone on forest resources isa 
good example of the difficulty in achieving adequate validation. Although 
forest decline has been carefully monitored in many locations strict dose- 
response relationships cannot be developed due to the inherent variability 
in environmental conditions and the potential for a myriad of factors con- 
tributing to the observed response in varying degrees and means (Concord 
Environmental and VHB, 1991). 


These limitations of our scientific understanding pervade the environmental — 
impact literature and are inescapable. Comments do not suggest that the 
scientific literature should not be used to the greatest extent possibie; instead, 
they suggest caution in their interpretation and the need to be vigilant in 
recognizing the inherent variability and complexity in the interactions and 
impacts described. 


Forest resources: Although there have been numerous studies on seedling - 
response to nitrogen oxides, ozone, and acid precipitation (Mohnen, 1989; 
Peterson et al., 1989; Reich et al., 1989; Percy, 1986; Jensen and Patton, 
1990; Chappelka and Chevone, 1989), little is known about the effect of these 
pollutants on mature trees. Most of the dose-response studies use changes 
in seedling growth as a surrogate for mature trees due to seedling size and 
manageability. Unfortunately, a quantitative link between the surrogate 
indicator and the yield has not been developed. Filling in these gaps is cru- 
cial if the data provided are to be effectively used in determining the effects 
of transportation emissions on forest resources. The absence of specific 
dose-yield response curves for valued resources does not imply that years 
of research are necessary before these can be produced. Undoubtedly, 
more research can and should be conducted. Expert judgement and logic 
can be used to fill in the gaps as an interim measure. This is an essential 
step for effective policy analysis. 
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Table 11 summarizes the availability of data relating exposure levels to 
forest damage. 


Table 11 
SUMMARY OF THE AVAILABILITY OF DATA RELATING EXPOSURE LEVELS TO FoREST DAMAGE 


Dose-surrogate response 
Pathway Dose-yield available available 


coniferous | fumigation] nitrogen NAPAP concludes, “NO, | no 
trees on plant at ambient concentra- 
tions is not a direct 
source of regional scale 
growth reductions in 
U.S. forests.” 


no 


Both losses and gains of 
above ground biomass of 
Pinus taeda in response 
to ozone exposure are 
evident and no definitive 
trend can be discerned. 


photo- 
chemical 
oxidants 


no 


dry acid 
deposition 


NO, 


Visible foliar injury of red 
spruce increases with an 
increase in nitrogen mists. 


deposition 
on plant 


Data is provided in 
kg/ha/yr; however, such 
spatial deposition has 
been determined for only 
a few sites in Canada. 


Significant decreases in 
germination and seedling 
survival are observed only 
when the pH of rainfall is 
below 3.6. This level of 
acidity is generally not 
encountered in ambient 
rainfall. (Significant 
damage can occur at high 
elevations (acid fog).) 


acid rain 


no (Most significant 
impacts: change in Al 
availability; depletion 
of Ca and Mg.) 


deposition 
on soil 


NAPAP concludes that 
“NO, at ambient con- 
centrations is not a 
direct source of regional 
scale growth reductions 
in U.S. forests.”@ 


deciduous 
trees 


fumigation] NO, 


Table 11 (cont’d) 
SUMMARY OF THE AVAILABILITY OF DATA RELATING Exposure LEVELS T0 FOREST DAMAGE 


Dose-surrogate response 
Pathway Dose-yield available available 
no . 


deciduous photo- Studies on the effects 
trees chemical of ambient ozone on 
(cont'd) oxidants deciduous seedlings have 


rendered mixed results. 
(Recent studies looking at 
the combined effects of 

ozone and acid rain have 
rendered mixed results.) 


dry acid 
deposition 


no 


deposition 
on plant 


nitrogen 
oxides 


acid rain No significant reductions 
in germination and 
seedling survival are 
recorded until pH < 3.6, 
well below observed 


ambient rainfall 


deposition 
on soil 


no (Most significant 
impacts: change in Al 
availability; depletion of 
Ca and Mg; acidity of soil.) 


Source: Concord Environmental and VHB, 1991. 


Note: 

a U.S. Environmental Protection Agency, National Acid Precipitation Assessment 
Program (“State of Science & Technology” Series), Changes in Forest Health 
and Productivity in the United States of America, prepared by J.E. Barnard and 
A.A. Lucier, 1989. 


Agricultural Resources: The effect of ozone on yield has been well documented 
in recent years through the USEPA’s National Crop Loss Assessment 
Network (NCLAN). Figures 1, 2, 3 and 4 show dose-response curves 
developed for a variety of row and cereal crop species. Losses in yield can 
occur at well below concentrations observed in Canadian urban areas (see 
Figure 5). The effect of ozone on fruit species has not been documented. 


Nitrogen oxides are not thought to cause significant damage to crops. Very 


high concentrations (>4 ppm of NO, for 10 hours) are required for leaf injury 
to occur. These concentrations are well above concentrations observed in 
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Canadian urban areas (see Figure 6). In low concentrations, nitrogen dioxides 
should be accounted for as a source of the necessary nitrogen requirements 
of plant materials. The fertilizer effect has been observed in a number of 
studies (Heck, 1989; Lesser et al., 1989; Phytotoxicology Consulting Services, 
1989; Victor and Burrell, 1982; DPA, 1987). 


Crops exposed to simulated acidic precipitation under controlled conditions 
showed either no effect on growth or yield, or mixed results at ambient 
levels. Normal agricultural practices of liming generally prevent nutrient or 
soil acidification, although the additional costs to ameliorate these effects 
should be included as part of the impact assessment (Victor and Burrell, 
1982). Figures 7 through 14 provide dose-response functions for various 
cereal, row and fruit crops. 


Table 12 summarizes the availability of data relating exposure levels to crop 
damage. 


Figure 1 
THE EFFECT OF OZONE ON CEREAL Crop YieELD (7-Hour MEAN) 


: Yield loss (%) 
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Seasonal 7-hour day mean ozone concentration using the Weibull function (ppm) 


a Lesser et al., 1989 
b Heck et al., 1988 


Figure 2 
Tue Errect oF Ozone on Row Crop Yiep (7-Hour MEAN) 
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Seasonal 7-hour day mean ozone concentration using the Weibull function (ppm) 


a Lesser et al., 1989 
b Heck et al., 1988 
Figure 3 


Te Errect oF Ozone oN CEREAL Crop YieLD (12-Hour MEAN) 


j Vield loss (%) 


Seasonal 12-hour day mean ozone concentration using the Weibull function (ppm) 


Source: Lesser et al., 1989 
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Figure 4 
Te Errect oF OZONE ON Row Crop Vie. (12-Hour MEAN) 


4 Yield loss (%) 


—g— Alfalfa? 
—~— Cotton? 


et 
ee eee 


0.04 0.05 0.06 0.07 


Seasonal 12-hour day mean ozone concentration using the Weibull function (ppm) 


a Lesser et al., 1989 
b Heck et al., 1988 
Figure 5 


ANNUAL AVERAGE LEVELS OF NO} IN SELECTED CANADIAN CITIES 


Halifax 
Saint John 
Montreal 
Hull 
Quebec City 
Ottawa 
Windsor 
Toronto 
Hamilton 
London 
Winnipeg 
Regina 
Edmonton 
Calgary 
Vancouver 
Victoria 


Source: Environment Canada, 1990. 


Figure 6 
AVERAGE OF PEAK HourLy OZONE LEVELS IN SELECTED CANADIAN CimiEs, 1983-1987 
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Source: Environment Canada, 1990. 


Figure 7 
Dose-Vietp RESPONSE OF CoLe Crops TO PH OF RAINFALL 


% of normal yield 


Sources: Victor and Burrell, 1982; DPA, 1987. 
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Figure 8 
Dose-ViELD RESPONSE OF FRUIT CROPS TO PH OF RAINFALL 


‘ % of normal yield 


Sources: Victor and Burrell, 1982; DPA, 1987. 


Figure 9 
Dose-ViELD RESPONSE OF GRAINS AND FORAGE TO PH OF RAINFALL 


% of normal yield 


Sources: Victor and Burrell, 1982; DPA, 1987. 


Figure 10 | 
Dose-ViELD RESPONSE OF LEAF CROPS TO PH OF RAINFALL 


‘ % of normal yield 


Sources: Victor and Burrell, 1982; DPA, 1987. 


Figure 11 
Dose-ViELD RESPONSE OF LEGUMES TO PH OF RAINFALL 


% of normal yield 


Sources: Victor and Burrell, 1982; DPA, 1987. 
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Figure 12 
Dose-ViELD RESPONSE OF ONIONS TO PH OF RAINFALL 
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Sources: Victor and Burrell, 1982; DPA, 1987. 


Figure 13 
Dose: ViELD RESPONSE OF POTATOES TO PH OF RAINFALL 


% of normal yield 
120 


pH 


Sources: Victor and Burrell, 1982; DPA, 1987. 


Figure 14 ee 
Dose-VieLp RESPONSE OF Root CROPS TO HH OF RAINFALL 


% of normal yield 


100 


pH 


Sources: Victor and Burrell, 1982; DPA, 1987. 


Table 12 
SUMMARY OF THE AVAILABILITY OF DATA RELATING EXPOSURE LEVELS TO CRoP DAMAGE 


Dose- 
Dose- surrogate 
yield response 


Pollutant available | available 


cereal 
crops 


fumigation | nitrogen 


oxides 


deposition causes acidification 
of soil; however, land manage- 
ment practices generally negate 
the impact of acidification on 
soil 


photochem- 
ical oxidants 


variation in response due to 
exposure length 


dry acid 
deposition 


deposition nitrogen 


oxides 


in low concentrations NO, may 
cause increased rather than 
decreased yield due to the 
fertilizer effect 


acid 
deposition 


Table 12 (cont'd) 
SUMMARY OF THE AVAILABILITY OF DATA RELATING ExPosurE LEVELS To Crop DAMAGE 


Dose- 
Dose- surrogate 
yield response 
Pathway available | available 


fumigation | nitrogen deposition causes acidification 
oxides of soil; however, land manage- 
ment practices generally negate 
the impact of acidification on 
soil 


photochemi variation in response due to 
cal oxidants exposure length 


dry acid 
deposition 


deposition nitrogen in low concentrations NO, may 
oxides cause increased rather than 
decreased yield due to the 
fertilizer effect 


acid 
deposition 


Source: Concord Environmental and VHB, 1991 


Aquatic biota: Of the pollutants being examined, only nitrogen oxides 
deposited in the form of acid precipitation appear to have direct adverse 
effects on aquatic ecosystems. Sulphur dioxide from transportation is a 
minor contributor to acid deposition (OECD, 1988). 


Aquatic ecosystems are affected either through direct acidic deposition on 
the surface waters or through acidification of soils in the watershed which 
reduces the neutralizing capability of the run-off water. The main effects 
of increased acid deposition on surface water chemistry include: 


¢ decrease in lake pH; 


decline in lake alkalinity; 
* increase in concentrations of trace metals (Hg, Pb, Cd, Zn, Ni, Mn); and 


* increase in concentrations of organic and inorganic aluminium. 


These changes in surface water chemistry have been shown to cause 
changes to the production and richness of aquatic communities. Rapid 
depressions in pH usually occur during spring snowmelt. Acid pulses can 
hinder reproduction, especially in river spawning species since the largest 
increases in surface water acidity occur at shallow depths. The degree to 
which fish species are affected by acid pulses depends on the species and 
the life stage of the fish. 


The biological recovery of lakes after deposition is uncertain. Studies in the 
Sudbury area suggest that biological recovery does not occur, probably 
because of the high residual concentrations of trace metals and acidic com- 
pounds. The liming of lakes may result in some biological recovery. Whether 
the recovery will result in the same biological community that existed before 
‘remains uncertain (Concord Environmental and VHB, 1991). 


The impacts of NO, emissions on fish populations cannot be described in 
terms of simple dose-response curves but instead requires extensive mod- 
elling to show the contribution of NO, emissions to surface water acidity. 
and the effects of changes in surface water chemistry to aquatic biota. 
Response models typically use pH and aluminium toxicity thresholds for 
individual species as the primary input mechanism. 


Table 13 summarizes the availability of data relating acidification to aquatic 
resources. 


Table 13 
SUMMARY OF THE AVAILABILITY OF DATA ReLarinG Acip Deposition T0 CHANGES IN AquaTic RESOURCES 


Link 
between 
Pollutant Dose- - surrogate 
and surrogate | and yield 
Species pathway Dose-yield available available | known 


fish species acid deposition Yield models relying on 
toxicity thresholds of 
individual species available. 


invertebrates acid deposition Existing fish-yield models 
can be adapted to estimate 
response of invertebrates. 


aquatic ‘| acid deposition no 
vegetation 


Materials: The pollutants of primary concern for materials damage are: 


* nitrogen oxides (NO,) — primarily nitrogen dioxide (NO,); . 
* ozone — arising from the reaction of NO, with sunlight; and 


* particulates. 


The transportation sector contributes only minor amounts to the total SO. 
concentrations in the atmosphere, however SO, and NO, combined contribute 
significantly to acid deposition (VHB, 1991a). Acid deposition has long been 
implicated as a major factor in material degradation. Carbon dioxide is also 
emitted from motor vehicles and has been linked to the corrosion of metals. 
The contribution of CO, to current ambient concentrations of CO, in the 
atmosphere is minor. 


The primary impact pathways for materials damage are: 


* corrosion or abrasion due to fumigation and deposition; and 


¢ soiling of surfaces due to fumigation and deposition. 


The pollutants corresponding with each of the pathways listed above are 
as follows: 


« NO,, Oz, HNO3, H»SO,; and 


* particulate emissions. 


There are few data on the actual effects of these pollutants on materials 
and most damage is expected to occur in urban areas. Much of the research 
has concentrated on the effects of sulphur dioxide and acid deposition on 
materials (Acres, 1991). There are few quantitative data on the effects of 
other pollutants on materials. Where data are available, they are usually 
based on lab conditions and are at levels which are orders of magnitude 
above those existing in the Canadian urban environment. No minimum 
effect level has been established, and there is no evidence that existing 
levels in the Canadian environment adversely affect materials. 


Table 14 lists the pollutants thought to have some damaging effect on 
materials. 
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Table 14 
MareriaLs DAMAGE AND THE POLLUTANTS INVOLVED 


For nickel and zinc there 
is no significant effect at 
exposure levels of 1 ppm 
ozone or 0.5 ppb nitrogen 
dioxide. The mean annual 
concentrations of NO, 
and ozone in most urban 
environments in Canada 
are significantly lower 
than this. 


metal mate- 
rials such as 
carbon steel, 
zinc, aluminum 
and copper 


Ahuja and Amar (1988) 
found that exposure of 
10 ppm nitrogen dioxide 
had mild effects on 
galvanized steel. 


Particulate, NO», 
HNO3, ozone 


Continually changing paint 
formulations make damage 
difficult to assess. In addi- 
tion, it is difficult to dis- 
tinguish the effects of 
pollutant deposition and 
natural weathering 
processes from ultra-violet 
radiation, moisture and 
temperature fluxes. 


Particulates cause the 
soiling of paints. There is 
no evidence that NO,, 
HNO, and ozone affect 
the rate of paint deteriora- 
tion at levels found in 

the Canadian urban 
environment. 


Nitrogen dioxide, sulphur 
dioxide and ozone can 
increase the rate of calca- 
reous deterioration. There 
is no evidence, however, 
that the levels of nitrogen 
dioxide and ozone found in 
the Canadian urban envi- 
ronment can significantly 
affect the deterioration rate 
of building stone. Haneef 
(1990) reported a syner- 
gistic effect from sulphur 
dioxide, ozone and nitrogen 
dioxide compared with 
exposure to each pollutant 
alone. 


Carbonate stone is very 
susceptible to acidic 
deposition which causes 
the formation of a crust 
on the stone. Limestone 
exposed to acid rain 
deteriorates about 

10 times faster than when 
exposed to SO, or NO, 
at 90% relative humidity 
individually (Lindquist 
et al., 1988). Particulate 
may catalyze the oxida- 
tion of SO, and NO, 
making them more 
effective reactants. The. 
contribution of acidic 
deposition to physical 
weathering is unknown 
(NAPAP, 1987). 


building 
stones 


SO,, Particulate, 
NO,, HNO3, 
ozone 


Concrete is not considered 
sensitive to acidic 
deposition due to its 
thickness. 


Lime mortars are sensi- 
tive to acidity due to the 
acid soluble nature of 
calcium and magnesium 
carbonates. 


concrete, 
brick and 
mortar 


Particulate, NO, 


Table 14 (cont'd) 
MATERIALS DAMAGE AND THE POLLUTANTS INVOLVED 


Soiling due to soil and Particulate Glass is generally quite 
road dust. Damage to resistant to the effects of 
medieval stained or | acidic deposition. 
painted glass. 


Degradation. NO,, ozone For wood treated with a 
preservative it is the 
coating that is important 
in determining the effects. 


asphalt Little is known about the | ozone 
effects of air pollutants . 
on asphalt materials. 


rubber The contribution of ozone 
to rubber degradation has 
been significantly reduced 
by the inclusion of anti- 
ozonants in the manufac- 
ture of tires. 


fabrics Fading of dyes. Particu- NO,,, ozone Much of the research has 
lates may cause the concentrated on higher 
soiling of fabrics. levels of nitrogen dioxide 
and ozone than found in 
the ambient air. 


Source: Concord Environmental and VHB Research and Consulting Inc., 1991. 


4.2.6 Assessment of Individuals or Populations at Risk 


“Risk is the potential for realization of unwanted, negative consequences 

of an event” (Rowe, 1977, p. 24). Risk is expressed as the probability of 
mortality or morbidity for an individual or entire population occurring as a 
result of a certain level of exposure. Assessing the populations at risk requires 
knowledge of the following: 


¢ the duration and level of exposure to pollutants at varying distances from 
the source;'? and 
* dose-response functions for each of the potential receptors to each of the 


pollutants. 


Though some dose-response functions are available (human response to 
direct deposition of pollutants; response of forest species and crops to varying 
ozone concentrations; and response of some aquatic species to various 
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levels of lake/stream acidity), ambient conditions attributable to individual 
modes of transportation are not known and, as a result, risk cannot be 
calculated. 


4.3 ECOLOGICAL ANALYSIS 


As indicated in Section 2, ecological analysis refers to population, commu- 
nity or ecosystem effects of emissions or loss of habitat from changes in 
land use. Table 15 summarizes the expected damage to air, water and land 
resources by mode of transportation. 


Table 15 
SUMMARY OF POSSIBLE ENVIRONMENTAL EFFECT BY MODE OF TRANSPORTATION 


Water resources Land resources 


Discharge of bal- | Land taken for 
last water, oil, infrastructure; 
spills, etc. Modifi- | dereliction of 
cation of water obsolete port 
systems during facilities and 
port construction | canals; vessels 
and canal cutting | and craft with- 
and dredging drawn from 
service 


Other impacts 


Marine/ 
ferries 


Air pollution 

(CO, HC NO,, 
particulate); global 
pollution (CFCs 
released during 
vehicle manufac- 
ture and disposal, 
CO, from fossil 
fuel combustion) 


Partition or 
destruction of 
neighbourhoods, 
farmland and 
wildlife habitats 


Land taken for 
rights-of-way and 
terminals; derelic- 
tion of obsolete 
facilities; aban- 
doned lines, 
equipment and 
stock 


Air pollution (CO, 

HC, NO,, particu- 

late and fuel addi- 
tives such as lead). 
Global pollution 
(CO, CFCs) 


Railroad 


Partition or destruc- 
tion of neighbour- 
hoods, farmland 
and wildlife 
habitats; congestion 


Land taken for 
infrastructure; 
extraction of road 
building materials; 
abandoned spoil 
tips and rubble 
from road works; 
road vehicles 
withdrawn from 
service; waste oil 


Pollution of sur- 
face water and 
ground water by 
surface run-off 
(lubricants, 
coolants, road 
salt); modification 
of water systems 
by road building 


Air pollution (CO, 
HC, NO,, particu- 
late and fuel addi- 
tives such as lead). 
Global pollution 
(CO,, CFCs) 


Road/ 
highway 


Table 15 (cont'd) 
SUMMARY OF POSSIBLE ENVIRONMENTAL EFFECT BY MODE OF TRANSPORTATION 


Aircraft | (CO, HC, NO,, Modification of Land taken for 
particulate); water tables, river | infrastructure; 
global pollutants courses and field | dereliction of 
(CFCs, CO,) drainage in airport} obsolete facilities; 

construction aircraft withdrawn 

from service 


Source: Adapted from OECD, 1991. 


Table 16 shows the land required by mode of transportation. Highways 
require almost twice as much land per linear kilometre as railroad tracks. 


Table 16 
LAND USE IN THE TRANSPORTATION SECTOR, 1985 


Highway 
Buffer 
Shoulder 


Railroad 
Buffer 
Track 


Source: Statistics Canada, Human Activity and the Environment, 1991. 


5, OVERVIEW OF ESTIMATES OF ENVIRONMENTAL DAMAGE SOCIAL Costs 
5.1 VALUE OF ENVIRONMENTAL DAMAGE | 
Table 17 presents the estimated costs of environmental damage by pollutant 


and type of damage. The damage resulting from the pollutants is the basis 
for the “starting point” costs caused by each pollutant, except for the costs 


Mn 
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Table 17 
STARTING PoINT Costs OF ENVIRONMENTAL DAMAGE BY PoLLuTANT (1989$/kG) ? 


NO,, and Acid Carbon 

Damage Effect ozone deposition | Particulate | dioxide 
Health Mortality 4.48 0.89 na> 0.86 na 
na 0.08 na 
0.00° 0.94 na 


Morbidity OTS 
Total 4.61 


Ornamental 
forests 


Historical 
monuments 


Source: Ottinger et al., 1990. 


a The damage resulting from the pollutants is the basis for the determination of the 
external costs caused by each pollutant, except for the external costs of CO, emissions 
which reflect the cost of damage control (Ottinger et al., 1990, p. 58). The starting 
point costs are based on a survey of a number of studies estimating the external 
costs of electricity generation. “The uncertainties associated with these [cost] esti- 
mates in their original studies are large; the studies did not have estimates for some 
potentially important effects; and the existence and magnitude of some of the reported 
effects are still in dispute. These estimates should be used with great caution, as 
they indicate only the magnitude of damages.” (Ottinger et al., 1990, p. 228) 


b na — not available. Value of environmental damages not estimated, though they 
may exist. | 

c Value of environmental damage estimated and found equal to zero. 

d The control cost of sequestering the CO, emitted into the atmosphere by planting 


trees or other vegetation (Ottinger et al., 1990, p. 138). 


of CO, emissions which reflect the cost of damage control (Ottinger et al., 
1990). The “starting point” costs are based on a number of surveys of exter- 
nal costs from electricity generating stations and estimates of the external . 
costs of typical coal generating stations. Caution is advised in their use. 

The estimates are generic in nature for stationary sources in or near urban 
areas. Intercity transportation environmental damage will often arise in 
more isolated regions of the country. 
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The estimates of the values of environmental damage found in Ottinger et al. 
(1990) were the result of a two-year study reviewing evaluation methods 
and environmental cost estimates for power generation utilities in the United 
States. The analytical framework used can be described as follows: 


¢ identify. pollution sources and the quantity of emissions; 
* estimate the dispersion of these emissions; 


¢ identify the groups (humans, ecosystems, materials, etc.) exposed to 
the pollutants; 


¢ estimate the responses between the groups exposed and the pollutants; 
and 


¢ estimate the value of these responses (replacement costs, contingent val- 
uation, hedonic prices, travel costs, market prices). 


This study utilizes the estimates of the value of the dose-response relation- 
ships reviewed in Ottinger et al. (1990) as the best estimate of the potential 
value of environmental damage from different modes of intercity passenger 
transportation. 


Alternative costs of environmental damage from power generation exist. 
Ontario Hydro developed estimates of damage from NO, and SO, and par- 
ticulate emissions arising from the export of electricity (Concord Environmental 
and VHB, 1991; Acres, 1991; Phytotoxicology Consultant Services, 1990; 
VHB, 1991a). The estimates for SO, environmental damage are presented in 
Table 18. The estimates of damage from other air emissions in the Ontario 
Hydro studies are not available for comparison with Ottinger et al. (1990). 
The estimates of environmental damage from SO, in the Ontario Hydro 
study are lower than those suggested in Ottinger et al. (1990). 


The estimates of damage developed by Ontario Hydro were not used in this 
study since they have not yet been subject to peer review. 


Table 18 
Comparison OF ONTARIO Hyoro Ap OTTINGER ET AL. (1990) ENVIRONMENTAL DAMAGE FROM SULPHUR 
Dioxipe EMISSIONS 


damage” 
(1989$/kg) 


Location Fatalities/kt | (1989$/kg) | Illnesses/kt | (1989$/kg) 
15 


Lambton 
Nanticoke 
Lakeview 
Ottinger, 1991 


iioo 
162.7 
54 


a Concord Environmental and VHB Research and Consulting Inc., 1991. 

b Acres, 1991. 

Note: Assumes $4 million per fatality and $485 per illness for the Canadian generating 
stations. 


The major source of environmental damage is from SO,, particularly health 
and materials damage. These costs (1989$) total an estimated $5.29/kg of 
pollutant emitted. The estimated cost of impaired visibility due to SQ, is — 
$0.36/kg. The transportation sector is not considered to be a major source 
of SO, emissions. Only about 2 percent of all emissions originate from the 
transportation sector. 


Particulates are the major contributor to impaired visibility, resulting in 

an estimated cost of $2.16/kg of pollutant. The estimated health cost of 
particulate is $0.94/kg. NO, and ozone result in estimated health costs of 
$1.64/kg, materials damage of $0.44/kg, crop (vegetation) damage of $0.03/kg 
and visibility damage of $0.03/kg. 


An estimate of the control cost of global warming (CO,) is also presented in 
Table 17. The control cost presented is for establishing and maintaining a 
forested area that is capable of absorbing CO, through photosynthesis (that 
is, carbon sequestration). This forest must be maintained in perpetuity to 
continue to store the carbon released once through fossil fuel combustion. 
The cost is about $0.02/kg of CO>. 


The direct costs of environmental damage is greatest from SOz, estimated 
at $5.29/kg. The cost of environmental damage arising from particulate 
emissions is estimated at $3.10/kg and the costs of NO, and ozone emissions 
are about $2.14/kg. | 
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5.2 APPLICATION AND LIMITATIONS OF ESTIMATES 


The estimated values presented in this study are for the power generation 
sector or other stationary sources. The power generation sector is a signifi- 
cant contributor, through the burning of fossil fuels, to atmospheric emis- 
sions of the same pollutants emitted by passenger transport vehicles. The 
costs presented in Table 17 are those that seem to most reasonably represent 
the range of values in the studies reviewed (Ottinger et al., 1990), consider- 
ing the location at which the studies were performed, their documentation 
and their thoroughness. Too many relevant costs are overlooked by the 
studies and the studies included vary in quality and level of documentation. 
As a result the figures presented are not actual cost estimates but serve as a 
“starting point” to provide an order-of-magnitude of the studies reviewed 
and a starting point for further research (Ottinger et al., 1990). 


The direct cost estimates of environmental damage presented in Table 17 
leave out many potential effects and are likely to be conservative. More 
complete estimates should include the environmental damage arising from 
air emissions not included in the present estimates, such as the greenhouse | 
gases, methane, NO and toxics, heavy metals, ozone precursors and 
hydrocarbons, and other environmental damage such as water and land 

use and solid waste disposal (Ottinger et al., 1990). 


Cost estimates of the environmental damage of the construction and main- 
tenance of infrastructure, the manufacture and disposal of vehicles and the 
manufacture and distribution of fuel do not exist and must be developed. 


6. Costs OF ENVIRONMENTAL DAMAGE BETWEEN DIFFERENT IVIODES OF 
PASSENGER TRANSPORTATION 


Costs of each transport mode by contaminant and damage are presented in 
Table 19. These cost estimates are based on the direct costs of environmen- 
tal damage and the emissions of pollutant per passenger-kilometre (pass-km) 
developed previously. The range of environmental damage presented 
reflects the range of emissions of each pollutant by mode of transport pre- 
sented previously. The environmental damage shown in Table 19 varies by 
mode of transport and type of damage. 
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The health costs per 1,000 passenger-kilometres for rail passenger transpor- 
tation are estimated at between $5 and $10 (1989$)/1,000 pass-km. Private 
passenger motor vehicle transportation health costs are estimated at between 
$2.2 and $2.5/1,000 pass-km. The health costs for intercity bus transportation 
are valued between $1.1 and $1.9/1,000 pass-km. Marine transportation 
health damage is valued between $0.4 and $0.9/1,000 pass-km. Air passenger 
transport health costs are valued at an estimated $0.3 to $1.4/1,000 pass-km. 


Rail passenger transportation causes the highest estimated materials dam- 
age, $0.1 to $0.2/1,000 pass-km. Private motor vehicles cause an estimated 
$0.05 to $0.06/1,000 pass-km of materials damage. Materials damage from 
marine passenger and intercity bus transport are estimated at between 
$0.03 and $0.06/1,000 pass-km. The cost of materials damage arising 

from air transport are negligible, less than $0.03/1,000 pass-km. 


Rail passenger transport results in an estimated $0.06 to $0.12/1,000 pass-km 
in crop damage. Private motor vehicles cause about $0.02/1,000 pass-km in 
crop damage. Crop damage from intercity passenger. bus transport is esti- 
mated to cost between $0.01 and $0.02/1,000 pass-km. Crop damage from 
air and marine passenger transport is negligible, less than $0.02/1,000 
pass-km from air transport and less than $0.001/1,000 pass-km from 

marine transport. 


Rail passenger transport results in an estimated $1.3 to $2.8/1,000 pass-km 
and private motor vehicles between $1.6 and $1.7/1,000 pass-km of visibility 
damage. Visibility damage from intercity passenger bus transport is estimated 
at between $0.3 and $0.5/1,000 pass-km. Air passenger visibility damage 

is estimated to cost between $0.05 and $0.4/1,000 pass-km. Visibility 
damage arising from marine passenger transportation is less than 
$0.1/1,000 pass-km. 


The control cost of global warming resulting from CO, emissions is greatest 
from air transport, between $2.6 and $5.9/1,000 pass-km. Rail passenger 
transport results in a control cost estimated at $2.2 to $4.2/1,000 pass-km. 
Global warming control costs from private motor vehicles are estimated at — 
about $2.1/1,000 pass-km. Global warming control costs from intercity pas- 
senger bus transport are estimated at between $0.7 and $1.2/1,000 pass-km. 
Marine global warming control costs are estimated at between $0.2 and 
$0.4/1,000 pass-km. 
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Table 20 presents a comparison of the environmental costs of 
transportation modes. At present only preliminary cost estimates of the 
operation and maintenance of transportation systems are available. Ona 
passenger-kilometre basis, railroad transportation results in the highest 
environmental damage, up to $17/1,000 pass-km, and marine passenger 
service the least damage at between $0.6 and $1.4/1,000 pass-km. Private 
passenger motor vehicles result in the second highest damage-between 
$5.9 and $6.3/1,000 pass-km, followed by air and intercity bus transport at 
$2.8 to $7.7 and $2.1 to $3.8/1,000 pass-km respectively. 


Table 20 
DAMAGE BY Move oF TRANSPORTATION AND ORIGIN 


Vehicle 
Construction Fuel operation and 
and Vehicle manufacture maintenance 
Transportation maintenance of manufacture and (1989$/ 
mode infrastructure and disposal distribution 1,000 pass-km) 


Intercity bus 
Motor vehicle 
Air 

Railroad 
Marine 


Note: na — not available. 


6.1 APPLICATION AND LIMITATIONS OF ESTIMATES 


The estimated values of environmental damage presented in Table 19 are 
based on estimates of the value of environmental damage in the power 
generation sector. The valuing of environmental damage undertaken for 
electricity generating stations is not completely applicable to the transporta- 
tion sector. Of particular concern is the costs arising from SO,. Power gen- 
erating utilities have placed a large emphasis on the costs arising from 
SO, emissions due to regulatory and public concerns about acid rain. The 
transportation sector is not a major contributor to SO». As a result the 
values attributed to SO, emissions from power generation may not be 
totally appropriate for the transportation sector. 


Also, the health damage used in the electricity generation sector studies 
relate to power stations in or near urban areas. Although intercity travel 
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involves transportation in and through urban areas, the actual exposure of 
humans to emissions from passenger transportation would be less than 
those stated in Ottinger et al. (1990). 


The estimates of the value of environmental damage may leave out many 
potential effects and, as a result, damage may be undervalued. More com- 
plete estimates should include the environmental damage arising from air 
emissions not included in the present estimates, such as the greenhouse 
gases, methane and N,O, toxics, heavy metals, ozone precursors and HC, 
and other environmental damage such as water, land use and solid waste 
disposal (Ottinger et al., 1990). ) 


Finally, estimates of environmental damage on a passenger-kilometre basis 
can fluctuate widely depending on the occupancy of the passenger vehicle. 
As the occupancy of the transport mode increases, the emissions and 
environmental damage on a passenger-kilometre basis will decrease. 


7, MAJOR OBSTACLES TO ESTIMATING SOCIAL CosTs OF 
ENVIRONMENTAL DAMAGE 


It is apparent from the previous sections that both the theoretical and empi- 
rica! bases of evaluating the social costs of environmental damage from 
transportation continue to have major gaps and deficiencies. Nevertheless, 
substantial progress has been made, especially during the last decade, in 
developing a more robust theoretical framework for evaluation. There has 
also been a growing body of increasingly sophisticated empirical studies 
with principal contributions coming originally from the United States and now 
more from Europe. Unfortunately, empirical studies directed to producing 
definitive results are still demanding and costly undertakings. Furthermore 
the quantitative results of these studies cannot usually be generalized, and 
may only be suggestive in other contexts. 


There are several theoretical and practical issues which recur in efforts to 
evaluate the social costs of environmental damage. Some of these issues 
are discussed briefly in the following subsections, to provide an assessment 
(in the next section) of the potential for research to produce more precise 
and reliable estimates. 
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7.1 THEORETICAL ISSUES 

In conducting studies to estimate the social costs of environmental damage, | 
or in interpreting these studies, it is important to keep in mind several 
fundamental theoretical issues. These issues are inherent in the evaluative 
framework and in any attempts to apply it. The issues that are discussed 
here include only those that are general and are not specific to particular 
methods of evaluation. 


7.1.1 Scoping 


In assessing environmental damage, especially from a “non-point source” 
such as transportation, it is often difficult to define the geographic and tem- 
poral extent (that is, the scope) of the effects. For example, in an environ- 
mental impact assessment for a transportation infrastructure project, such 
as an airport or highway, scoping may involve distinguishing the distances 
over which impacts will be assessed. Similarly, there will be explicit or implicit 
distinctions of the time horizons over which impacts and effects occur. 


Scoping is based on assessment of the nature and magnitudes of pos- 
sible impacts, and on consideration of the scientific (ecological) and socio- 
economic significance of these impacts. Thus, socio-economic significance 
is recognized as one of the constitutive requirements for an environmental 
impact or effect. 


This accords with the perspective of economic theory, whereby a social cost 
is incurred only if there is both a physical effect and a loss in someone's 
welfare as a consequence of this effect. As previously suggested, restriction 
of concern to the social costs of environmental damage can be criticized as 
being anthropocentric. This criticism can be met, at least partially, by taking 
a broad view of the environmental services that contribute to human well- 
being (for example, including the existence values that humans attribute 

to other species). 


The economic perspective of equating effects with social costs has at least 
one compelling advantage in that it provides criteria for assessing the impor- 
tance of effects, and thus for devoting attention to them accordingly. It also 
accords salience to environmental effects in economic and policy arenas. 
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Although the economic perspective helps to focus the problems of spatial 
and temporal scoping, it does not eliminate them. It remains difficult to 
determine, for example, how far to go in following cause-effect linkages in 
assessing the effects of emissions. The cause-effect linkages quickly ramify 
and become more diffuse. Although more diffuse, the effects can be more 
widespread and subtle, and thus still have greater consequences overall. 
Clearly, there are practical limits to how far it is possible to explore cause- 
effect linkages, but we should not confuse these limits with the limits of 
the effects themselves. 


In the case of intercity passenger transportation, the spatial extent of known 
effects ranges from local impacts, such as particulate emissions, to global 
implications from carbon dioxide emissions contributing to global warming. 
In the temporal dimension, the effects may range from immediate irritation 
and discomfort to long-term implications for health, and possible modifica- 
tions of ecosystem function and structure. These latter effects may extend 
not only over current generations, but also over future generations. 


Economic theory provides very uncertain guidance for addressing the prob- 
lem of temporal scoping. The usual approach in economic evaluation has 
been to discount future costs and benefits, that is, to reduce the present 
value equivalence of future costs and benefits according to their distance in 
the future. This usually has the effect of making costs and benefits, more 
than about 10 years in the future, almost insignificant. Concerns about the 
environmental sustainability of economic development have raised questions 
about this practice. 


There is limited scope for addressing these concerns within current 
economic theory, but three avenues hold some promise: 


¢ Arguments can be made that the value of natural amenities will increase, 
relative to marketed goods and services, as the relative (or absolute) 
abundance of these natural amenities decreases and as the demand for 
them grows with increasing discretionary time and income. This tends 
to offset the effects of discounting in diminishing the costs of losing 
environmental amenities (Krutilla and Fisher, 1985). 


- It may be possible to find ways of incorporating intergenerational equity 
as a more explicit consideration in economic evaluation, beyond the notion 
of bequest value, introduced previously, which considers the value of 
making bequests only to those who make them. 


¢ Several further arguments can be invoked (Pearce and Turner, 1990) to 
support a general principle that economic activities should be guided 
to ensure that “natural capital” is maintained or enhanced. 


The need for new approaches, such as those mentioned above, is made 
more compelling when the following issues are considered. 


If human values are considered to apply, (in a sufficiently broad fashion) over 
ecosystem components and functions, and over time, then the problem of 
scoping is constrained more by available knowledge of biophysical causes 
and effects than by economic criteria. 


7.1.2 Valuation 


Although it is possible in theory to take a broad view of human values 
relating to the environment, in practice the methods for determining these 
values are far from simple or comprehensive. This means that it is usually 
necessary to be selective about which environmental values are evaluated 
in a particular case. There is justifiable concern that in such a process, the 
“soft” and diffuse environmental values will be undervalued compared with 
the usual “hard” economic values. 


Whether or not there is such a selection, it is always necessary to discrimi- 

nate among the values that are being assessed, so there can be clarity about 
what one is evaluating. In practice, it is often very difficult to disentangle values 
or motives, and to compare value measures produced by different methods. 


This difficulty may be present not only for the economist attempting to assess 
values, but also for the people themselves who are doing the evaluating. 
This applies particularly to existence values, but existence values may 
themselves be confounded with other values. 


Sagoff (1988) has questioned whether the “self-regarding values” of stan- 


dard economic evaluation are commensurable with the “group-regarding” 
values attributed to the natural and cultural heritage, such as unique or 


ME 


special natural areas or historic monuments. The attempt to make such 
environmental values in dollars may implicitly contribute to the “down- 
valuation” of the former (Kelman, 1981). 


Furthermore, as previously noted, evaluation presupposes knowledge of 
those things that contribute to our well-being. Costanza (1991), as quoted 
previously, questions to what extent this knowledge can be presupposed on 
the part of the general public with regard to ecosystem functions, when sci- 
entists are only just beginning to discover the contributions of these functions 
to our life support and well-being. 


When such values are at stake in public policy, evaluations by individual 
members of the public must be circumscribed by a broader process of 
public deliberation which includes contributions from scientists. These 
deliberations must also recognize the limited knowledge that scientists 
have about ecosystem processes and functions, and the unknown risks of 
actions and practices that interfere with these functions. With improve- 
ments in knowledge, it is presumed that people’s most basic evaluations 
would converge with the imperative to protect the ecosystem functions on 
which life depends. 


7.1.3 Equity . 


The economic measures of value discussed here are based fundamentally 
on people’s willingness to pay (WTP) or willingness to accept (WTA). These 
measures raise considerations about equity within generations (intragener- 
ational equity) and equity across generations (intergenerational equity). 


With regard to intragenerational equity, it is clear that people’s willing- 
ness to pay depends on their ability to pay, and that ability to pay differs 
greatly among individuals in society. Similarly, compensation demanded 
is evaluated relative to one’s overall assets, and accordingly is greater for 
those with greater assets. 


These disparities mean that individual evaluations carry different weights 
in the overall social evaluation according to each individual's ability to pay. 
Disparities may also be manifest in the different incidence of environmental 
harm for individuals in society, with those in less affluent areas subject to 
greater harm (such as higher levels of pollution). 
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Although there are many types of environmental harm which individuals 

in society have a common interest to prevent, regardless of their level of 
affluence, the disparity in weightings of individual evaluations according 

to affluence may be reflected in relative evaluations of environmental prob- 
lems. These problems tend to be in the form of amenity losses for the more 
affluent, and in the form of health implications for the less affluent. 


These potential biases should be borne in mind at the scoping stage. 
Reference has been made earlier (Section 3) to possible methods of 
compensating or correcting for these disparities in evaluation. 


Future generations, by definition, are not present to express their views, or 
have their WTP or WTA count in current evaluations. This leads to the prob- 
lem of intergenerational equity. Again, impacts for future generations should 
be given special attention at the scoping stage, and methods should be 
developed to account for these impacts in overall evaluation. 


7.1.4 Uncertainty 


Scientific uncertainty about environmental impacts is pervasive in evaluation. 
Uncertainty (in the sense of only probabilistic knowledge of the parameters’ 
bearing on cause-effect relationships) can be addressed through expected 
utility theory if risk profiles and attitudes can be determined. A more consid- 
erable kind of “uncertainty” is a complete lack of knowledge of potentially 
important causal relationships. 


Much of the uncertainty arises from the difficulties of establishing thresholds 
of effects in complex physiological and ecological systems. Scientists are 
continually finding effects at lower levels of environmental stress than were 
noted previously. For example, the history of research on health effects of 
lead exposure follows this general pattern; this case is particularly relevant 
to the present study because the research eventually contributed to the 
phasing out of lead in gasoline. Research and policy on acid rain have a 
similar history. 


Uncertainty may be compounded where there are cumulative effects from 
many sources over time. Thus, the environmental effects of emissions 
from intercity passenger transportation are part of the overall effects of 
transportation emissions generally, and of the effects of emissions from 
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all sources. Furthermore, these emissions may be only one factor among 
several which determine physiological and ecological stress. In this case, 
intercity passenger transportation will be one among many contributors 
to environmental damage, and the appropriateness of policies to address 
environmental effects from this contribution must be judged with regard 
to the efficacy of policies for all contributions. 


In the case of intercity passenger transportation, the major uncertainties are 
the effects of emissions on materials, biota and human health and comfort, 
and the effects of land uses on wildlife habitat and space available for other 
uses. Even if dose-response relationships or other measures of impact could 
be determined in experimental settings, there would still be great uncer- 
tainty about their implications on the magnitudes and geographical extents 
of impacts in the real world. It would be very difficult to distinguish the 
effects of different modes of transportation, especially where they make 
use of practically the same corridors. 


The foregoing discussion of uncertainty has focussed on biophysical impacts. 
Apart from biophysical uncertainty, there is great uncertainty about future 
evaluations of environmental amenities. This is especially true over the 
course of generations, through which technologies may change, and the 
relative demands for resources and amenities may shift in one direction or 
another. It is thus very difficult to anticipate what combinations of natural 
capital and artificial capital will be most valued by future generations. As 
previously indicated, some economists (Krutilla and Fisher, 1985; Pearce 
and Turner, 1990) have offered reasonable arguments suggesting that 

the relative value of natural capital, especially life-support functions and 
amenities, is likely to increase in the future. 


Because determining the social cost of environmental damage is of little 
practical value in itself, a third kind of uncertainty arises. In practice, the ulti- 
mate concern is the costs and potential benefits of policies to reduce and 
control environmental damage. There can often be considerable uncertainty 
about the efficacy of policies, and about the costs of implementing them. The 
importance of uncertainty about costs is indicated again by the policy pro- 
cesses with regard to acid rain and the phase-out of leaded gasoline. In both 
cases, the costs and efficacies of policies were one of the major areas of 
uncertainty impeding legislative or regulatory action. The same might be said 
about the current debate over greenhouse gas emissions and global warming. 
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7.1.5 Irreversibility 


Evaluation becomes especially difficult (and many of the previous issues 
are compounded) in cases where there are environmental irreversibilities. 
An irreversibility is a permanent loss in an ecosystem component or inn 
ecosystem’s capacity to maintain a particular function. For example, expan- 
sion of a highway or an airport might affect the habitat of a rare species. 
Emissions of greenhouse gases could also contribute to changes in global 
climate, which would be practically irreversible. Concerns about irreversi- 
bility arise mainly with regard to the former kind of discrete loss. Gradual 
losses of ecosystem functions, such as stratospheric ozone depletion and 
climate change, raise broader issues of environmental sustainability. 


Clearly, if the value of preserving an ecosystem component or function is 
known, then the value of a development or activity must exceed this preser- 
vation value, if there is to be a net benefit from the development or activity 
when it incurs a loss of the preservation value. Often, however, preservation 
values are neglected, and there is undue optimism or over-estimation of 
the net benefits of development. | 


The problem of irreversibilities increases the salience of the question of 
intergenerational equity. Irreversible losses are incurred not only by the 
present generation, but also by all following generations. Often, however, 
only the present generation, or those in the near future, receive the bene- 
fits of the development or activity that imposes the environmental loss. 
The question therefore arises whether it is fair for the present generation 

to benefit at the expense of all succeeding generations. At the least, consid- 
eration needs to be given to the total economic and environmental legacy 
of the present generation for future generations. 


The problem of irreversibilities is compounded by uncertainties about the 
values of ecosystem components or functions that are subject to irreversible 
loss. It is often difficult or impossible to know what the values of ecosystem 
components or functions are or will be. An often-cited example of this is a 
rare species or stock that could be the only source of a life-saving drug. A 
particular species could also have an unrecognized function in maintaining 
the balance of a whole ecosystem. 
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In the face of such uncertainties, the most risk-averse strategy would be to 
minimize the maximum losses that could occur. In this case, development 
would be a preferable option only if the costs of preservation, that is, the 
foregone development benefits, exceed these maximum possible losses 
from development. This approach would tend to correct any bias toward 
development and against preservation. 


It may be difficult to keep track of all the ecosystem components and 
functions that human activities put at risk and the uncertainties about their 
values and probabilities of loss. Accordingly, it has been suggested (Ciriacy- 
Wantrup, 1952) that safe minimum standards should be developed so that 
irreversible losses of important ecosystem components and functions can 
be avoided. This approach has been elaborated in particular with regard to 
endangered species (Bishop, 1978). 


8, THE POTENTIAL FOR RESEARCH TO IMPROVE THE PRECISION OF ESTIMATES 


This report has provided a general overview and estimates of the environ- 
mental costs of intercity transportation. A number of difficulties and defi- 
ciencies in such estimation have been noted in previous sections. Here, 
some of these deficiencies are discussed with a view to the potential for 
research to improve the precision and reliability of estimates. 


Attempts to improve the precision of estimates must address several layers 
of uncertainty. For example, with regard to emissions, there is uncertainty 
about each step from sources to fates and effects: quantities of emissions, 
transport and disposal, exposure, response and evaluation. Priorities for 
addressing uncertainties from emissions to response are discussed in gen- 
eral terms in the following subsection on biophysical estimates, and priorities 
for addressing uncertainties in evaluation are discussed in the subsection 
on economic estimates. These discussions lead to general recommendations 
for research priorities. | 


Two important limitations in these cost estimates have been mentioned pre- 
viously, but bear prominent reiteration here. First, the cost estimates are all 
either average costs or marginal costs (that is, increments in costs for unit 
increments in emissions or resource use), given the current levels of emis- 
sions and environmental quality. For example, the costs of carbon dioxide 
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emissions are based on the current costs of purchasing and afforesting land 
to take up the carbon dioxide through photosynthesis. Once the land cur- 
rently available for this purpose is used up, the cost of more land to absorb 
additional carbon dioxide emissions is likely to be higher. Accordingly, the 
current average cost or marginal cost could be misleading. 


Similarly, the marginal costs of environmental impacts can increase rapidly 
as ecological or physiological thresholds are approached. For example, 
some lakes may be little affected by acid precipitation until the buffering 
capacity of the surrounding watershed is depleted; then, acidification may 
be rapid. Again, current marginal costs could be misleading in such a Case. 
Clearly, it is necessary to consider not only the costs of small, marginal 
changes, but also take account of biophysical limits and thresholds that 
might be breached in the longer term. 


The second important limitation of the cost estimates presented here is that 
data were sparse for considering the complete life-cycle costs for each mode 
of transportation, including construction and maintenance of infrastructure, . 
vehicle manufacture and disposal, fuel manufacture and distribution, and 
vehicle operation and maintenance. These front-end, or up-stream, costs could 
also include many subsidized and external costs, including environmental 
costs. 


8.1 BIOPHYSICAL 


8.1.1 Emissions 


The emissions estimates in this report are based on existing regulations, 
typical fuel characteristics and average fuel efficiencies for each mode. For 
some modes — notably cars — emissions are determined largely by envi- 
ronmental regulations which are expressed in mass per unit distance (g/km); 
for other modes, emissions are estimated using the fuel efficiency (MJ/km) 
and unit emission rates (g/MJ) that reflect fuel characteristics. In the long 
term, choice of mode could also take into consideration the prospects for 
more stringent regulations, changes in fuel types or fuel characteristics 

(for example, alternative fuels or reduced sulphur content in diesel fuel) 
and improving efficiencies. 
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The comparative results for emissions, and hence costs, per passenger- 
kilometre are also very dependent on vehicle occupancy assumptions. There- 
fore, the prospects for future increases or decreases in vehicle occupancies 
also bear consideration. 


8.1.2 Transport and Disposal 


The cost estimates presented in this report have been derived mainly from 
cost studies for electric power generating facilities (Ottinger et al., 1990). 
Nevertheless, emissions from transportation have different chemical 
compositions and characteristics than emissions from power plants. 


Sulphur dioxide and particulates have been the power plant emissions of 
greatest concern and have consequently received the greatest attention and 
rigour in evaluation. These emissions are of less concern for transportation 
compared to nitrogen oxides, hydrocarbons and carbon monoxide. These 
latter emissions have received less attention in impact assessment and 
evaluation. 


Transportation emissions are generally released close to ground level, and 
may therefore have more concentrated local impacts. These would not be 
reflected in the estimates, which assume that transportation emissions 
undergo the same transport and disposal as electric power plant emissions. 
In fact, the impacts of air travel are likely to be concentrated near airports, of 
bus and car travel near roadways, and of train travel near rail lines. This is true 
not only for emissions, but also for land use impacts (such as the disturbance 
of wildlife habitat, modification of hydrological regime, and aesthetic consid- 
erations). The cumulative impacts of all these effects should be considered. 


Finally, the altitude at which the pollutants are released may affect damage 
estimates. A recent study shows that the radiative forcing of surface tem- 
perature is most sensitive to changes in tropospheric ozone ata height of 
greater than 12 kilometres — the altitude at which the maximum emissions 
of nitrogen oxides from aircraft occur. The study concludes that the envi- 
ronmental damage of NO, emissions from aircrafts is about 30 times greater 
than from surface vehicles on a unit basis (Johnson, Henshaw and Mclinnes, 
1992). The impact of release altitude on damage should also be considered. 
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8.1.3 Exposure 


The concentration of transportation effects near transportation infrastruc- 
tures means that exposure to impacts of transportation may be incurred, 
not only by nearby people, materials and ecosystems, but also by travellers, 
vehicles and transportation infrastructures themselves. Nevertheless, there 
is little research that directly measures exposures from transportation. Instead, 
estimates of exposure are based on ambient conditions. This may give an 
incomplete perspective on total exposure through multiple pathways. 


Research is also lacking on behaviour to avert exposure to transportation 
externalities. It is therefore difficult or impossible to assess the costs and 
foregone benefits implied by this averting behaviour. 


8.1.4 Response 


Most of the estimates presented here depend critically on the direct cost 
method of damage estimation, and therefore on dose-response functions 
or damage functions relating total exposure to the incidence of particular 
effects and costs (that is, the effect for which a dose-response function or 
damage function must be clearly identifiable and measurable). This approach 
may neglect effects which are more subtle and less easily measurable, or 
for which the long-term costs are less obvious. 


To establish that a response arises as a consequence of transportation or 
transportation emissions, it is necessary to substantiate each of the pre- 
vious steps. At each step, the effects from transportation may be confounded 
with other effects. This may also limit the environmental costs that can be 
attributed to transportation. 


The estimates quoted here indicate that human health is the category in 
which the greatest costs of emissions can be attributed. Visibility is the 
category with the next highest costs. Costs for several categories, notably 
forests and ecosystems, are not indicated. As pointed out by Ottinger et al. 
(1990, p. 553): “For all pollutants, valuation of ecosystem effects, wildlife, 
endangered species, and historical or cultural assets has been very limited. 
This is an important limitation that needs more attention.” These costs are 
evident with regard to traffic in urban settings, but may be more difficult to 
discern for intercity transportation. Numerous studies have investigated road- 
side contamination by heavy metals from traffic, especially lead contamination 
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when leaded gasoline was used (Freedman, 1989). The other metals are 
presumed to derive from vehicle wear. These metals have also been found 
to be accumulating in the floors of forests remote from roadways, but 

the ecological implications of this increasing contamination is not yet 
understood (ibid.). 


Overall, these considerations suggest that efforts to improve estimates of 
the environmental costs of intercity transportation might be directed most 
usefully to assessment and evaluation of local impacts to supplement the 
estimates of the more widespread costs of emissions reported here. These 
local impacts could generally include the cumulative effects of emissions, 
land-use changes and aesthetic considerations. Although these impacts 
might be noted in environmental impact assessments (for example, for road 
improvements or airport expansions), there is usually no systematic attempt 
to evaluate their costs. Nevertheless, these impact assessments (or better, 
post-audits of impact assessments) might serve as starting points in deter- 
mining some of the local environmental costs of transportation to supplement 
the estimates of the more widespread costs from emissions. 


With regard to both local and distant impacts, greater attention needs to be 
devoted to irreversible changes, such as the accumulation of toxic contami- 
nants and greenhouse gases, which have uncertain or unknown ecological 
or physiological consequences. 


8.2 ECONOMIC 


The estimates of environmental costs of transportation reported here are 
based mainly on studies, performed in the United States, of the direct 
costs of environmental damage from emissions. These estimates, and the 
assumptions underlying them, have not been thoroughly checked for their 
applicability to Canadian conditions. Such checking would be necessary 
before any reliance is placed on these estimates for Canadian policy. 


When environmental or health damage occurs, the costs include any direct 
costs of averting or mitigating the damage and the residual welfare loss 
after the averting or mitigating behaviour. Although some degree of consis- 
tency has been achieved across evaluation studies for direct costs, such 
consistency has proven elusive for the costs of residual welfare loss. In 

the case of changes in risks of morbidity and mortality, in particular, there 
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appear to be large discrepancies in how people evaluate risks, as deter- 
mined by hedonic price methods, household production function methods 
and contingent valuation methods, especially between evaluations pro- 
duced by different methods. Fundamental questions remain about applica- 
tions of these methods, and the inferences that can be drawn legitimately 
from them, especially with regard to the evaluation of morbidity and 
mortality. Nevertheless, the costs of morbidity and mortality are a major 
component of the costs attributed to transportation emissions. 


There are obvious gaps in the estimates with respect to some damage, espe- 
cially potential damage to forests and ecosystems. This possible damage 
must be subject to further ecological research before economic assessment 
can provide quantitative estimates of costs. In qualitative terms, economic 
theory can only provide the guidance indicated earlier about the caution 
that is especially justified given both uncertainties and irreversibilities. 


Nevertheless, the policy implications of the environmental impacts of trans- 
portation might be made clearer by a judicious selection of evaluation studies. 
These studies would apply some of the evaluation methods indicated here 
to at least some of the environmental costs that can reasonably be attri- 
buted to transportation. The attempts to estimate these costs would also 
help in identifying the gaps or uncertainties in meee ee knowledge that 
are most important for policy. 


8.3 RECOMMENDATIONS 


Although there is now a growing body of work evaluating the social costs 
of environmental damage in the United States and Europe, there has been 
as yet almost no original evaluation research conducted in Canada. This 
is the situation with regard to evaluation of environmental damage gen- 
erally, and perforce with regard to evaluation of environmental damage 
from transportation. 


Given this situation and the preceding discussion, there are three areas of 
support for evaluation research which appear to offer the greatest prospects 
of producing results that will be useful in the near term, while also promoting 
a general body of research and capabilities which can provide the basis for 
future advances. 
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First, even without full quantitative monetary evaluation, it would be very 
useful to set out the full range of possible environmental impacts from each 
transportation mode, using the complete life-cycle analysis advocated here. 


Second, greater use could be made of quantitative evaluation in connec- 
tion with environmental impact assessments of transportation projects or 
policies. Evaluation in environmental impact assessments of projects could 
help to indicate some of the local environmental costs, which could be 
extrapolated for inclusion in the total environmental costs to be considered 
in transportation policies. 


Third, it might be particularly revealing, and at the same time provide 
results that people could most easily relate to, to conduct an evaluation of 
the environmental impacts of each transportation mode in a multimodal 
corridor. Windsor to Quebec City or Edmonton to Calgary might be suitable 
corridors for such a study. 


Finally, outside the scope of evaluation of the environmental impacts 

of transportation, but relevant to its long-term prospects, consideration 
might be given to the sources of demand for transportation, and whether 
the social and environmental costs of transportation might be reduced 
(or perhaps even augmented) by the introduction of advanced telecom- 
munications technologies. 


ENDNOTES 


The study team thanks John Lawson of the Royal Commission for his assistance throughout 
the project in providing direction and in identifying relevant reference documents. In addition, 
he provided insightful and helpful comments on a draft of the report. Useful comments were 
also provided by other Commission staff, in particular John Sargent, Director of Research; 
these are appreciated. 


Ed Hanna and Peter Victor of VHB also pointed to relevant references and served as sounding 
boards for nascent ideas. 


The study team for the project at VHB consisted of David Heeney, Peter Stokoe, Murray Trott 
and Evelyn Nepom. David Heeney was the overall project manager. Peter Stokoe prepared the 
review of economic methodologies, Murray Trott prepared the assessment of emissions and 
their economic value, and Evelyn Nepom prepared sections on environmental effects and 
non-emission impacts. 


1. Canada’s Green Plan also identifies preserving the integrity of the North and environ- 
mentally responsible decision making at all levels of society as primary objectives. 


2. The comparison of alternatives is fundamental to environmental assessment practice 
(and the rational planning model), and in principle considers the entire life cycle of each 
alternative. In practice, however, these have rarely been quantitative or comprehensive 
assessments of impacts. 


3. Conceptually, material damage may be assessed in an analogous manner to health, based 
on exposure and dose-response considerations. 


4. Note, however, that the net values of driving and going by bus might be different for society 
as a whole than for the person who makes the choice, because the social costs of the 
two choices include not only the private costs to the person but also the external costs of 
traffic congestion, environmental damage and other such costs that are borne by other 
members of society. It is the external costs component of social costs that are our main 
topic here. 


5. Note that even breathing involves emitting “exhaust fumes” of carbon dioxide, a gas 
which contributes to global warming. 


6. Such effects can occur not only through the natural environment, but also exclusively 
within the built environment, as with traffic congestion and accidents, but effects through 
the natural environment are the main subject of this report. 


7. Note that although such costs are direct, they must often be inferred indirectly by means 
of dose-response functions or damage functions that relate environmental parameters to 
damage (for example, concentrations of sulphur dioxide and materials or crop damage). 
Some references (for example, Pearce and Markandya, 1989) distinguish evaluation 
methods primarily according to this interpretation of indirect and direct (that is, whether 
or not dose-response or damage functions are applied). 


8. The actual emissions from plants vary according to the regulations in individual jurisdic- 
tions. Tougher regulations can effectively limit the choices of materials available to the 
manufacturer. For example, regulations limiting the emission of solvents have forced 
some car makers to abandon solvent-based paints in favour of waterborne paints. 
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9. Emissions per passenger-kilometre change proportionately with passenger occupancy. 
If vehicle occupancy for passenger rail transport doubled, the emissions per passenger- 
kilometre would decrease by one half. Estimates of vehicle occupancy are not explicit in 
the calculations made in this report and are not stated. 


10. Parts of this section follow the discussion in Ottinger et al., 1990, p. 127. 


11. A recent study suggests that CFC emissions may not contribute to global warming as 
previously thought. The holes in the stratospheric ozone layer resulting from CFC emis- 
sions may in fact cause a reduction in radiative forcing of the Earth in the middle to high 
latitudes. This reduction in radiative forcing may more than offset the warming effect of 
the CFC emissions. (World Meteorological Organization/United Nations Environmental 
Program, 1991). 


12. Emissions from the source and background levels of pollutants both contribute to total 
exposure. 
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DEREGULATION AND COMPETITION IN 
THE CANADIAN AIRLINE INDUSTRY 
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|. INTRODUCTION 


Any change in regulatory regimes is bound to affect the relevant industry. 
Airline deregulation is no exception. This report details the results of this 
study’s measurement of the effects of airline deregulation in Canada. In 
particular the assessment looks at how industry concentration, load factors 
(percentage of seats filled) and air fares have changed under deregulation. 


Over the course of a decade, Canada relaxed regulation on its airlines until 
official deregulation began on January 1, 1988. Three data sets provide the 
basis for much of this assessment. First, the Airport Activity Data Base con- 
tains data on the passenger (and cargo) traffic flows into and out of Canadian 
airports. Second, the Revenue Passenger Origin and Destination Data 

Base is a 10-percent sample of passenger flight coupons. Finally, the Fare 
Basis Survey Data Base contains fare data from a 100-percent survey of 
passenger flight coupons conducted on 56 days of the year. 


The intended methodology for this study was to begin with a time period 
before Canadian (and U.S.) deregulation to serve as a basis of comparison 


for future developments in Canadian aviation. Since the Fare Basis Survey 
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did not begin until 1983 however, this was the first year used in this 
analysis. The year 1987 was selected as an intermediate year, with 1990 
being the last year selected. The analysis pertains to Level | carriers. 


This report uses what could be called a factual methodology. That is, it 
chronicles the changes in the industry from 1983 to 1990. Some — perhaps 
most — of these changes may be due to regulatory reform. But observed 
changes could have nothing to do with airline deregulation and would 
have occurred anyway. The alternative methodological approach is a 
counterfactual one, where a model of how the regulated airline industry 
would have evolved (during the years of actual deregulation) is compared 
with the (actual) performance of the deregulated industry. Because this 
counterfactual model is a control, the observed differences between actual 
deregulation and counterfactual regulation can be attributed to deregula- 
tion. Unfortunately, developing a counterfactual methodology is beyond 
the scope of this study. Thus, care should be taken in interpreting the 
results presented below. 


II. INDUSTRY CONCENTRATION 


When most people think about the effects of airline deregulation they think 
about its effect on fares. However, given the structure-conduct-performance 
paradigm that has been part of industrial organization for many years, 
industry structure (that is, the degree of concentration) is thought to affect 
fares. Thus, other things being equal, the fewer the number of competitors 
(that is, the more concentrated the industry), the higher the fares. (Fares 
and the effect of concentration on fares are examined in subsequent 
sections of this report.) 


There are many ways to measure concentration in a network industry such 
as air transportation. First, there is concentration at the national level. This 
is an oft-cited figure when discussing the effects of airline deregulation. 
Typically one calculates a “concentration ratio,” that is, the percentage of 
the market controlled by the n largest firms, where nis a number such as 
two, four or eight. These measures in Canada (and in the U.S.) show that 
the deregulated industry is more concentrated than it was before, in the sense 
that fewer firms control a large share of the national market. Note that there 
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is no such thing as a national market. The markets for air transportation 

are the thousands of city-pair markets between which transportation takes 
place.’ Thus, another measure of airline industry concentration is to measure 
concentration at the route level. Finally, because of the concern about a few 
airlines dominating hub airports, concentration can be measured at the air- 
port level. In this case, concentration can be based on the percentage of 
passengers or flights controlled by each carrier at an airport. Alternatively, 
the extent of route-based concentration at an airport can be assessed by 
aggregating the route concentration of all routes originating at that airport. 


In assessing the extent of industry concentration at the route level or airport 
level, the concept of “number of effective competitors” is used. The: number 
of effective competitors is the inverse of the Herfindahl index. Rather than 

a simple count of the number of carriers in a market, the Herfindahl index 
adjusts for unequal market shares by summing the square of each airline’s 
market share. Thus, if two airlines each had a 50 percent market share on a 
route, the Herfindahl index would equal 0.502 + 0.502 = 1/2. Inverting the 
Herfindahl of 1/2 gives 2 (effective competitors). The inverted figure has a 
more intuitive interpretation than the Herfindahl index. 


Figure 1 shows industry concentration measured at the route level. Industry 
observers in Canada (and in the U.S.) point out that there are fewer airlines 
serving passengers today. Figure 1 indicates, however, that the number of 
effective competitors at the route level has increased from about 1.3 in the 
first quarter of 1983 (1983:1) to about 1.6 in the fourth quarter of 1990 (1990:4) 
and reached a peak of nearly 1.7 in the second quarter of 1987 (1987:2).° 


Figure 2 presents the data on route concentration in a more intuitive way. It 
shows the percentage of passengers who fly on carriers with 90% or more 
route market share (that is, near-monopoly carriers). This fell from about 
40% in 1983:1 to about 14% in 1990:4. Figure 3 shows the percentage of 
passengers who fly on carriers with 100% route market share (literally 
monopolies). The percentage of travellers captive to one carrier fell from 
about 26% in 1983:1 to about 7% in 1990:4. Similarly, Figure 4 shows the 
percentage of passengers on competitive carriers (those with route market 
shares less than 20%). This figure fell from around 6% percent in 1983:1 to 
about 3% in 1990:4. 


Figure 1 
IousTRY CONCENTRATION: ROUTE LEVEL 


Number of effective competitors 


Year and quarter 


Figure 2 
PERCENTAGE OF PASSENGERS FLYING ON CARRIERS WITH >90% RouTe MARKET SHARE 
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Figure 3 
PERCENTAGE OF PASSENGERS FLYING ON CARRIERS WITH 100% Route MarKer ne 
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Figure 4 
PERCENTAGE OF PASSENGERS FLYING ON CARRIERS WITH <20% Roure MARKET SHARE 
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Although there were fewer airlines serving passengers in 1990 than in 1983, 
airlines competed more frequently at the city-pair level. The number of pas- 
sengers with a wide choice of carriers declined by three percentage points, 
while the percentage of travellers captive to one airline declined by about 
19 percentage points. 


Another measure of industry concentration of interest is airport concentra- 
tion. This measure of concentration may be relevant because if airports 
become more concentrated, it may be more difficult for other airlines to 
enter routes serving those airports. Figure 5 shows airport concentration 
based on enplanements and flights.4 Using the enplanement measure, 
airport concentration has decreased, with the number of effective competi- 
tors rising from 2.2 in 1983:1 to nearly 2.7 in 1990:4. Using the flight-based 
measure, the number of effective competitors has increased from about 
2.2 to about 2.4 during the same period. (These average figures may mask 
the diversity of changes at the individual airport level.) 


Figure 5 
AirPort CONCENTRATION BASED ON ENPLANEMENTS AND FLIGHTS 
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Overall, other than at the national level, the Canadian airline industry was, 
on average, less concentrated in 1990 than in 1983.° Of course, different 
routes and different airports have not shared equally. Some are less 
concentrated, while others are more concentrated. 


Ill. Fares® 


The concentration information outlined in Section Il suggests that fares 
under deregulation should be lower (in real terms) than previously. This 
section examines the relationship of fares in Canada over time as well as 
compared with the United States. 


Figure 6 shows nominal yield (revenue per passenger-kilometre) as a func- 
tion of distance in 1983:1 and 1990:4. The first aspect of this graph to notice 
is the fare “taper.” Yield declines with distance, initially at a very rapid rate 
and then at a slower rate. This reflects (among other possible factors) the 


Figure 6 
ViELD vs. DISTANCE 
1983:1 ann 1990:4 (SOUTHERN) 
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fixed costs of take off and landing, which, when amortized over longer 
distances, result in lower yields. 


When comparing the yield curves for 1983:1 and 1990:4 it is difficult to see 
any trend, other than that nominal yields have risen. To get a better idea of 
fare changes, Figures 7 and 8 show the nominal and real percentage change 
in fares for several routes. Although a negative trend appears to be present, 
there is a lot of variation in fare changes across routes. The negative trend 
is more pronounced in Figures 9 (nominal) and 10 (real), which present 
average fare changes (averaged across various distance bands). As shown 
in Figure 10, real fares (using the CPI as the deflator) have risen for routes 
less than about 1,300 kilometres and have fallen for routes longer than 
about 2,100 kilometres. 


Figure 7 
Air Fare CHANGES BY Route FROM 1983:1 To 1990:4 
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Figure 8 
Rea Air Fare CHANGES BY Route FROM 1983:1 To 1990:4 
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Thus, independent of the overall effect of deregulation on fares, there has 
been a significant change in the fare taper. There is now more of a taper 
with distance. Relative to each other and relative to inflation, short-haul 
fares have risen and long-haul fares have fallen. This pattern is quite similar 
to that observed in the United States in the wake of airline deregulation there. 


Figures 11 and 12 show the relationship of fares in Canada to fares in the 
United States as a function of distance for 1983:1 and 1990:4.’ In both years, 
Canadian air fares were lower than U.S. air fares for short-distance flights 
(less than about 1,500 kilometres) and greater than U.S. fares for long 
flights. Since many factors other than distance affect fares (for example, 
route density, load factor) one cannot conclude from these figures that 
Canadian long-haul fares are too high (or that U.S. short-haul fares are too 
high). In fact, the result that short-haul fares in Canada were, and remain, 
lower than U.S. air fares for the same distances may only reflect an anomaly 
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Figure 9 
PERCENTAGE CHANGE IN Air Fares BETWEEN 1983:1 AND 1990:4 (SOUTHERN) 


Percentage change 


70 


0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 | 4,500 


Distance (kilometres) 


Figure 10 
PERCENTAGE CHANGE IN REAL Air Fares BETWEEN 1983:1 anp 1990:4 (SouTHERN) 
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Figure 11 
RELATIONSHIP OF CANADIAN Air Fares To U.S. Air Fares in 19831 | 
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Figure 12 
RELATIONSHIP OF CANADIAN Air Fares To U.S. Air Fares In 1990:4 


Percentage difference 


0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 4,500 


Distance (kilometres) 


Mn 


in the Canadian fare data. If a passenger’s journey from A to B involves a 
connection at point C, the Fare Basis Survey allocates the A-B fare to the 
segments A-C and C-B. For example, if a passenger flew from Vancouver 
to Toronto and made a connection at Winnipeg, the Fare Basis Survey 
would (effectively) show the short-haul Vancouver-Winnipeg and Winnipeg— 
Toronto legs as having a low yield that should more appropriately be 
assigned to the long-haul Vancouver-Toronto segment. How much of the 
observed pattern is due to this anomaly is difficult to say. — 


Figure 13 presents an attempt to estimate how fares in Canada have 
changed over time, relative to the fares that prevailed in Canada in 1983 
and relative to those in the U.S. in the corresponding year and quarter. In 
particular, each coupon in the Fare Basis Survey was used as the basis for 
figuring out what was actually paid for a given trip (that is, segment). This 
was compared with what would have been paid had the real fares prevailing 
in Canada in 1983 (for the same distance) been charged. Also, actual fares 
were compared with those that would have been paid if passengers paid 
the fares charged in the U.S. (adjusted to reflect the exchange rate) for the 
same distance during the same year and quarter. ; 


Figure 13 | 
Air FARES IN CANADA RELATIVE TO ComPARISON GROUPS 
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In 1987, fares in Canada were nearly 10% lower in 1987:1 than they were 

in 1983:1. Over the course of 1987, relative fares increased; by 1987:4 fares 
were nearly 4% higher than they were in 1983:4. In 1990:1 fares were nearly 
5% lower than fares in 1983:1. By 1990:4 relative fares increased to nearly 
13% higher than in 1983:4. 


The figure also compares fares in Canada with those in the U. S. Due to 
the anomaly in the Canadian data discussed above, however, these figures 
must be interpreted with caution. Based on these results, fares in Canada 
were nearly 25% lower than U.S. air fares in 1983:4. By 1990:4 they were 
about 7% higher than U.S. air fares. 


Because of the caveat above, it is difficult to put much credence in the 
Canada-U.S. comparison. In Canada-Canada inter-temporal comparisons, 
any bias should cancel out. If the fourth quarter of 1990 is treated as an 
anomaly due to the Persian Gulf Crisis, it can be concluded that, when com- 
pared with 1983, Canadian airline deregulation did not change the level of 
fares very much, but significantly changed the structure (with distance). 
Presumably this changing structure makes the variation of fares with 
distance more in line with the variation in costs. 


These results are at odds with those of Oum et al. (1991)® who reported that 
Canadian air fares declined by 18% in real terms between 1983 and 1989 
(the last year they were studied). What accounts for the discrepancy? First, 
it appears that the figures in Oum et al. were for all operations of Canadian 
air carriers. In particular, it appears that they included northern and southern 
domestic Canadian traffic, transborder traffic and international traffic. The 
figures in this study relate only to southern (deregulated) domestic Canadian 
traffic. Second, because they used aggregate data and were thus forced 

to focus on (average) yield, Oum et al. picked up some of the effect of the 
changing composition of routes in the sample. For example, as short routes 
become (relatively) more expensive and long routes become (relatively) 
cheaper in the wake of deregulation, one would expect the deregulated era 
to contain a larger proportion of long trips than the regulated era. Indeed, 
even holding constant the routes in question, as in Figure 7, the average. 
length of haul (passenger-kilometres per passenger) increased to 1,381 kilo- 
metres in 1990:4 from 1,193 kilometres in 1983:1. Since the coefficient of 
the log of distance in the fare regressions (see below) is approximately 0.5, 
the change in the distribution of trips alone would lower (average) yield by 
about 7% even if fares on each route remained constant. In particular, using 


Mn 


SUE SSS Se es ne 


the routes represented in Figure 7, comparing the yield in 1983:1 with the 
yield in 1990:4 reveals a nominal increase of 31.5% and a real decrease of 
6.3%. When the weight attached to each route was held constant, however, 
the average yield increased by 38.8% (with 1990:4 weights) and 40.1% (with 
1983:1 weights). Real fares decreased by 1.1% with 1990:4 weights and by 
0.2% with 1983:1 weights. 


Another issue relating to fares is their distribution on each route. Table 1 
shows the percentage of passengers in each of eight fare classes in 1983:1 
and 1990:4.2 The most dramatic change in the table is in the changes in the 
proportions of regular economy and advanced purchase fares. Over 50% of 
travellers in 1983:1 flew on a regular economy fare. By 1990:4 this had fallen 
to less than 25%. Advanced purchase fares show the opposite pattern. 
About one quarter of travellers flew on advanced purchase fares in 1983:1. 
By 1990:4 over one half of passengers availed themselves of the discounts 
available by making reservations and purchasing tickets in advance. During 
this time the depth of the discount of advanced purchase fares relative to 
regular economy fares increased to 37% from 24%. 


Table 1 
PERCENTAGE OF PASSENGERS BY FARE CLASS 


First class 
Regular economy 

Advanced purchase 
Non-advanced purchase 
Other 

Industry and agency discount 
Unknown 
Business class 


The proliferation of advanced purchase discount fares raises the question of 
the distribution of fares on each route. Figure 14 looks at the change in fare 
distribution. It plots the distribution of fares around each route’s average for 
1983:1 and 1990:1. The fare structure was bimodal in 1983:1 and remained 
bimodal in 1990:1. However, the fare structure was more dispersed in 

1990:1 than in 1983:1. This could be because airlines erected “fences” and 
priced based on willingness to pay (that is, demand elasticity). Alternatively, 
prices could be based on costs, in which peak-period flights and on-demand 
service are more costly to provide. Most likely, both factors are influencing 
the increased spread of fares. 
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Figure 14 
DISTRIBUTION OF AIR FARES 
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IV, LoAD FACTORS 


Load factor is the percentage of seats occupied by paying passengers. 
‘From the point of view of passenger convenience, low load factors are good 
because the lower the load factor, the more likely a passenger can geta 
seat on the flight that he or she desires. On the other hand, since airlines 
must recover their costs from the passengers they carry, the higher the 

load factor, the lower the fare. The optimal load factor reflects a trade-off 
between these two conflicting components. The optimal load factor rises 
with distance (other factors being constant). Because long-distance flights 
are more expensive than short-distance flights, it is optimal to have fewer 
excess seats. 
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Figures 15 through 22 show load factor comparisons as a function of 
distance for each quarter in 1983 with the corresponding quarter in 1990. 
The first graph of each pair shows the load factor for each of the years. The 
second graph shows the percentage change in the load factor. In all cases, 
load factors rise with distance. In comparing the first three quarters of 1983 
with the corresponding quarters in 1990, load factors fell for short-distance 
flights and rose for long-haul flights. This is consistent with the fare changes: 
up for short-haul flights and down for long-haul flights. This pattern disap- 
pears in comparisons of the last quarter in 1983 with the corresponding 
quarter in 1990. Whether this reflects the evolution of deregulation or 
anomalies of the Persian Gulf Crisis remains to be seen. Thus, at least 
through the first three quarters of 1990, passengers paid higher fares for 
short-haul flights but found it easier to get a seat on the flight of their 
choice. Long-haul fares fell but it was harder to find a seat. 


Figure 15 
RELATIONSHIP OF LOAD FACTOR TO DisTANcE IN 1983:1 AND 1990:1 


Load factor (percent) 


0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 


Distance (kilometres) 


Figure 16 | 
PERCENTAGE CHANGE IN LoAD Factor BETWEEN 1983:1 ann 1990:1 


Percentage change 


0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 


Distance (kilometres) 


Figure 17 
RELATIONSHIP OF LOAD Factor T0 Distance IN 1983:2 AnD 1990:2 
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Figure 18 
PERCENTAGE CHANGE IN LoAD Factor BETWEEN 1983:2 Ann 1990:2 


Percentage change 


0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000 


Distance (kilometres) 


Figure 19 
RELATIONSHIP OF LoAD Factor TO DISTANCE IN 1983:3 AND 1990:3 
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Figure 20 | 
PERCENTAGE CHANGE IN LoAD Factor BETWEEN 1983:3 AND 1990:3 
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Figure 21 
RELATIONSHIP OF LOAD Factor T0 DIsTANcE IN 1983:4 ann 1990:4 
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Figure 22 
PERCENTAGE CHANGE IN LoAD Factor Pee 1983:4 ann 1990:4 
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\/, Fare REGRESSIONS” 


The previous sections presented data on what has happened to route 
concentration, airport concentration and air fares since 1983. This section 
amalgamates those pieces and attempts to explain air fares on each route 
as a function of the concentration variables, a route density variable and 
distance, for 1983, 1987 and 1990. 


The data sources for these regressions are the same as those used already 
in this study: Fare Basis Survey Data Base (for fares), Airport Activity 

Data Base (for airport concentration) and Revenue Passenger Origin and 
Destination Survey (for route concentration). The Fare Basis Survey is 
completed and filed by Canadian Level | air carriers operating scheduled 
passenger service, both domestic and international. In 1983, Air Canada, 
CP Air, Eastern Provincial Airways, Nordair and Pacific Western Airlines 


participated in the Fare Basis Survey. In 1987, Air Canada, Canadian Airlines 
International and Wardair participated. In the 1990 survey, Air Canada and 
Canadian Airlines International participated. The routes included in the anal- 
ysis were all domestic routes (for which data were available) in the deregu- 
lated southern sector. For a city-pair route to be included in: the reported 
regressions, appropriate data for that route and for its end points had to 

be available in all three data bases. Given that two of the data bases are 
samples from a larger population, there were some cases where routes had 
to be dropped because of lack of data."’ 


Table 2 reports the results of a cross-section regression of fare in 1983 on 
distance (LDIST), a measure of route concentration (LACTRTE),'2 a measure 
of airport concentration at the origin (LCOMPO) and destination (LCOMPD), '? 
and a measure of route density (LPOPPOP).'* A measure of route density is 
needed because, other things being equal, as route density increases, fares 
are expected to fall and more competitors are expected on high-density 
routes. Failure to control for route density may result in route density being 
captured by the coefficient of the competition variable, resulting in a route 
competition coefficient that is larger in magnitude than the true effect of 
competition on fares. The variable used here, while not a direct measure of 
route density, does not suffer from being endogenous, as would a direct 
measure of route density, for example, the number of passengers travelling 
on that route. 


The first equation shows that fares increase with distance, although less 
than proportionally (reflecting the fare taper). Also, as the number of effec- 
tive competitors on a route increases (LACTRTE), fares decrease. Since 

the equation is in logarithms, the -0.0507 coefficient indicates that a 1% 
increase in the number of effective competitors on a route reduces fares 

by 0.0507%. This coefficient is statistically significant at conventional 
significance levels. Neither of the airport concentration variables (LCOMPO, 
LCOMPD) is statistically significant. The route density variable (LPOPPOP) 
is negative and statistically significant indicating that as route density (that 
is, the product of the populations of the origin and destination) increases 
by 1%, fares decline by 0.0177%. Collectively, these variables explain 86.1% 
of the variation in (the log of) fares. Distance alone explains 85.4%. 


Table 2 | 
Fare REGRESSION FOR 1983 


LS // Dependent Variable is LFARE 

SMPL range: 1-1,955 

Number of observations: 1,955 
VARIABLE COEFFICIENT 


STD. ERROR T-STAT. 2-TAIL SIG. 


G 


~ LDIST 


LACTRTE 
LCOMPO 
LCOMPD 
LPOPPOP 


1.5148964 
0.5086341 
-0.0507408 
-0.0010721 
0.0066027 
0.0177170 


0.0311805 
0.0050752 
0.0194973 
0.0104145 
0.0103955 
0.0025000 


48.584731 
100.22025 


-2.6024466 
-0.1029449 

0.6351446 
-7.0867148 


0.0000 
0.0000 
0.0093 
0.9180 
0.5254 
0.0000 


Mean of dependent var. 4.680293 
S.D. of dependent var. 0.465855 
. Sum of squared resid. 58.96593 
Log likelihood 648.3842 F-statistic 2413.482 


R-squared 0.860949 
Adjusted R-squared 0.860592 
S.E. of regression 0.173938 


Durbin-Watson stat 1.964760 Prob(F-statistic) 0.000000 


Table 3 shows the results for the same specification for 1987. No variable, 
except distance, is statistically significant, and all coefficients, except route 
density and distance, have the “wrong” sign. Collectively, these variables 
explain 61.5% of the variation in (the log of) fares. Distance alone explains - 
61.4%. 


Finally, Table 4 presents regression results for 1990. Once again, only dis- 
tance and the route density variable are statistically significant. Collectively, 
these explanatory variables account for 79.1% of the variation in (the log 
of) fares. Distance alone explains 78.2%. 


Because it is possible that more observations would lead to more precisely 
estimated coefficients, the data for 1987 and 1990 were pooled and a single 
regression was estimated with dummy variables for each year serving as 
“intercepts.” These results are reported in Table 5. Unfortunately, they 
differ very little from the separate results for the two years. 


Table 3 
Fare REGRESSION FOR 1987 


LS // Dependent Variable is LFARE 

SMPL range: 1-1,546 

Number of observations: 1,546 
VARIABLE COEFFICIENT 


STD. ERROR T-STAT. 2-TAIL SIG. 


C 

LDIST 
LACTRTE 
LCOMPO 
LCOMPD 
LPOPPOR 


R-squared 


Adjusted R-squared 
S.E. of regression 
Log likelihood 
Durbin-Watson stat 


1.7161854 
0.4608607 
0.0128799 
0.0307646 
0.0305367 
-0.0048699 


0.615462 
0.614213 
0.323704 
-446.8992 
1.973949 


0.0722403 
0.0103730 
0.0335448 
0.0193679 
0.0193790 
0.0057713 


Mean of dependent var. 
S.D. of dependent var. 
Sum of squared resid. 
F-statistic 


23.756617 

44.428721 
0.3839607 
1.5884307 
1.5757625 
-0.8438266 


Prob(F-statistic) 


0.0000 
0.0000 
0.7011 
0.1124 
0.1153 
0.3989 


4.818028 
0.521164 
161.3677 
492.9605 
0.000000 


Table 4 
Fare REGRESSION FOR 1990 


LS // Dependent Variable is LFARE 
SMPL range: 1-754 
Number of observations: 754 

| VARIABLE COEFFICIENT 


STD. ERROR T-STAT. 2-TAIL SIG. 


e 

LDIST 
LACTRTE 
LCOMPO 
LCOMPD 
LPOPPOP 


1.8991473 
0.5124343 
0.0408411 
0.0369906 
-0.0215412 
-0.0313062 


0.0885634 
0.0103094 
0.0416958 
0.0271501 
0.0271244 
0.0078153 


21.443923 
49.705524 
0.9795019 
1.3624462 
-0.7941638 
-4.0057451 


0.0000 
0.0000 
0.3276 
0.1735 
0.4274 
0.0001 


0.790645 Mean of dependent var. 5.108579 
0.789245 S.D. of dependent var. 0.517822 
Di2sidee Sum of squared resid. 42.27066 
16.37009 F-statistic 564.9753 


Prob(F-statistic) 0.000000 


R-squared 
Adjusted R-squared 
S.E. of regression 
Log likelihood 
Durbin-Watson stat 1.890526 


Table 5 | 
FARE REGRESSION FOR 1987 AnD 1990 (PooLep) 


LS // Dependent Variable is LFARE 

SMPL range: 1—2,300 

Number of observations: 2,300 
VARIABLE COEFFICIENT 


STD. ERROR T-STAT. 2-TAIL SIG. 


D87 
D90 
LDIST 


1.6794516 
1.9107242 
-0.4792344 


0.0554100 
0.0585146 
0.0076954 


30.309522 
32.653812 
62.275472 


0.0000 
0.0000 
0.0000 


1.1943023 0.2325 
1.8440745 0.0653 
0.8885218 0.3744 
2-1 677909 0.0054 


LACTRTE 0.0313808 
LCOMPO 0.0291124 
LCOMPD 0.0140270 
LPOPPOP -0.0129064 


0.0262754 
0.0157870 
0.0157869 
0.0046296 


R-squared 0.690728 
Adjusted R-squared 0.689919 
S.E. of regression 0.299338 
Log likelihood -485.8338 F-statistic 853.5311 


Mean of dependent var. 4.913278 
S.D. of dependent var. 0.537556 
Sum of squared resid. 205.4600 


Durbin-Watson stat 1.950103 Prob(F-statistic) 0.000000 


What are we to make of these results for the functioning of deregulated 
Canadian airline markets? Perhaps the most interesting result is that route 
competition does not have a statistically significant effect on fares. Unfor- 
tunately, the interpretation of this result is ambiguous. If these markets 
were (perfectly) contestable, route level competition would not have an 
effect on fares (because the threat of entry would force incumbents to keep 
their prices down). The same result would be expected, however, if the 
industry were a cartel. But profit data show no hint of monopoly rents. 
Another possibility is that the industry is still in transition (1990 was a 
recession year, and fuel prices increased during the Persian Gulf Crisis). 


VI. Conclusions 


It is clear that, on average, deregulation has increased the extent of compe- 
tition at the route level and at the airport level (although it has declined at 
the national level). It is also clear that the structure of fares (with respect 

to distance) has changed, presumably to one more in line with the costs of 
production. Load factors have changed accordingly, falling on short routes 
and rising on long routes. These changes are consistent with market beha- 
viour. It appears, however, that deregulation has had a neutral effect on 
the overall level of fares (when compared with Canadian air fares in 1983). 


Mm 


Route-level competition does not affect fares. Although this is consistent 
with a cartel, profit data show no hint of monopoly rents. The results 

are also consistent with a contestable or competitive market. The poor 
profitability of the industry suggests that this interpretation should be 
seriously considered. 


ENDNOTES 
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Because of this, in calculating the percent of the national market controlled by each firm, 
analysts must aggregate the city-pair level outputs into a single national output. Typically, 
this is done by calculating the number of passenger-kilometres (or passengers) transported 
on each route and summing across routes. 


Likewise, if one firm had two thirds of the market and two other firms each had one sixth 
of the market, the Herfindahl index would also equal 1/2. In other words, even though 
there are three firms in the industry, the relative size of the largest firm makes the industry 
behave as if it had only two firms. 


In this case, effective competitors is the inverse of a passenger-weighted average of each 
route’s Herfindahl index. Figures 1 to 5 were calculated from data in the Revenue 
Passenger Origin Destination Data Base (ticket origin destination). 


The data for these figures are from the Airport Activity Data Base. Airport-based Herfindahl 
indices were calculated using share of enplanements and share of flights. These measures 
for each airport were then weighted by percent of total enplanements or flights, as 
appropriate. The number of effective competitors is the inverse of this figure. 


Although competition takes place at the route level and not the national level, there is 
a concern that, as the number of carriers declines nationally, the possibility of collusion 
(at the route level) increases. 


All fare data in this section relate to domestic Canadian services in the southern sector. 


The exchange rate prevailing at the time of the comparison (that is, 1983:1 and 1990:4) 
was used to convert U.S. dollars to Canadian dollars. 


Tae Oum, William Stanbury and Michael Tretheway, “Airline Deregulation in Canada,” in 
Airline Deregulation: International Experiences, edited by Kenneth Button, (London: David 
Fulton, 1991). | 


These results are from the Fare Basis Survey and include only domestic Canadian routes 
in the southern sector flown by Level | carriers. Only those routes represented in the 
sample in all quarters of 1983, 1987 and 1990 were included. 


The variables used in the regressions reported in this section are the natural logarithms of 
those discussed in the text. 


The fare regression for 1990 reported in Table 4 has about one half of the observations 
(routes) as the 1987 regression. These were all the routes for which complete data were 
available. Presumably the routes formerly served by Level | carriers and now served by 
their (commuter) affiliates are not part of the Fare Basis Survey. 
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14. 


This is the “number of effective competitors” (that is, the inverted Herfindahl index based 
on passenger shares) for each route in question. 


Each of these airport measures represents the number of effective competitors at the 
origin and destination airports, respectively. In particular, these measures are the inverse 
of the origin and destination airports’ Herfindahl indices based on passenger enplanement 
(both domestic and international) shares. 


This is the product of the populations of each end point on the route. 
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THE EFFECTS OF U.S. AIRLINE DEREGULATION: 
A REVIEW OF THE LITERATURE 


Ron Hirshhorn* 
December 1990 


1. BACKGROUND 


Prior to the mid-1970s, interstate airlines in the U.S. were subject to a 
comprehensive framework of controls.! The Civil Aeronautics Board (CAB) 
controlled entry and exit, regulated fares, administered subsidies and 
oversaw mergers and intercarrier agreements. Under its own initiative 

the CAB liberalized fare regulation beginning in 1976.2 Two years later, in 
October 1978, Congress passed the Airline Deregulation Act. This formally 
acknowledged the need to place “maximum reliance on competitive market 
forces” and set in place a process for the gradual dismantling of regulatory 
controls. Since 1982, air carriers have had virtually complete freedom 

of market entry and exit. The CAB lost control over rates, mergers and 
acquisitions on January 1, 1983, and it ceased operation entirely at the 

end of 1984. The Department of Transportation assumed responsibility for 
approving mergers and for administering a subsidy program (the Essential 
Air Service Program) to guarantee service to small communities.? Safety 
regulation was not affected and was retained at the Federal Aviation 
Administration (FAA). 


* Research Division, Royal Commission on National Passenger Transportation. 
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2. GENERAL EFFECTS: OVERVIEW 


The consensus in the literature is that, based on the most important 
criterion, the effect on consumer welfare, U.S. deregulation has been 
highly beneficial. The prevailing view is summarized in a recent paper by 
Alfred Kahn (1988a, p. 321) which acknowledged a number of “unpleasant 
surprises,” but then came to the following conclusion: 


The last ten years have fully vindicated our expectations that dereg- 
ulation would bring lower fares, a structure of fares on average in 
closer conformity with the structure of costs, an increased range 

of price-quality options, and great improvements in efficiency ... 
all this along with a 35 percent or so decline in accident rates. 


In what is, probably, the most widely cited study of U.S. experience, 

Steven Morrison and Clifford Winston (1986) estimated that, taking account 
of both fare and quality of service changes, deregulation has resulted in a 
$5.7 billion (in 1977 dollars) annual improvement in the welfare of consumers. 
This welfare gain, which amounted to 35 percent of actual airline revenues 
in 1977, translated to a benefit of $10.62 per traveller per round trip. In 
addition, deregulation was estimated to have led to at least a $2.5 billion 
(1977 dollars) annual increase in industry profits. Although the financial 
performance of U.S. carriers has been poor, the implication is that it would 
have been significantly worse in the absence of deregulation. 


Enthusiasm for deregulation has waned, but only somewhat, in face of the 
recent spate of mergers and acquisitions, along with evidence that entry 
into the industry is not as easy as had been presumed. Few economists 
would view these developments as testimony to the failure of deregulation. 
While competition may be imperfect, the attendant costs are not seen to 
approximate nearly the costs of what was a highly distortionary regime 

of price and entry regulation. 


Recent developments, however, do underscore the need to understand the 


nature and effect of structural changes in the U.S. airline industry. High 
concentration and impediments to entry will undermine the benefits of 
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deregulation if they reduce the pressure for carriers to improve efficiency 
or result in monopolistic pricing practices. There is, therefore, a continuing 
need for some form of monitoring of the conduct and performance of car- 
riers. It is also important to attempt to understand the extent to which 
recent structural developments are the result of technological charac- 
teristics of air service as defined from certain features of the policy 
environment. 


3, Main Sources oF Gain FROM DEREGULATION 


Several studies, in addition to Morrison and Winston (1986), have examined 
the impact of deregulation on airline efficiency. Bailey, Graham and Kaplan 
(1985), reported that competition from new low-cost entrants had led to a 
substantial increase in employee productivity among the formerly regulated 
carriers. More recent data gathered by the Congressional Budget Office 
(1988) substantiate the improvement; labour productivity, defined as seat- 
miles per full-time employee, increased at an annual average rate of 3.8% 

in the decade after 1978, compared with 2.3% between 1970 and 1978 (see 
Figure 1). At the same time, average load factor, another indicator of effi- 
ciency, increased from around 55% prior to deregulation to between 60% 
and 65% in recent years.* Caves et al. (1987) assessed the performance of 
U.S. carriers before and after deregulation against a control group of some 

_ 27 large carriers operating in countries where there was little or no deregu- 
lation. The evidence on foreign experience provided the authors with an 
alternative basis to consider what would have occurred in the absence of 
deregulation in the U.S.° They found that the total factor productivity of U.S. 
airlines, which accelerated after deregulation, would have instead fallen 
very substantially had the performance of U.S. carriers after 1975 changed 
similarly to that of foreign carriers.® 


David Sawers (1987) examined the operating costs of U.S. carriers and 
attempted to distinguish cost reductions that are attributable to new aircraft 
from those that are due to managerial effort. It is the latter that is the test of 
airline efficiency and reflects the contribution of deregulation. His results, 
which are shown in Table 1, reinforce the finding that the efficiency gains 
achieved by U.S. carriers accelerated after deregulation.’ 


Figure 1 
LABOR PRODUCTIVITY 
AcTUAL VS. TREND UNDER REGULATION 


Millions of available seat miles per employee 


Source: Congressional Budget Office (1988). 


Note: Includes both domestic and international operations. In computing the trend, 
labor productivity is assumed to have grown after 1978 at the same rate it had 
grown between 1970 and 1978. Employment data are for December. Part-time 
employees are counted as one-half full-time workers. 


Table 1 
Cost Repuctions IN U.S. Domestic TRUNK AIRLINES, 1970-1984 


1970 1978 1984 


Cost per available ton-mile (ATM) at 1978 input costs (cents) 47.37 38.7 34.03 


percent 


Annual rate of reduction in costs (since 1970 or 1978) 2.1 
Annual rate of reduction in costs attributable to new aircraft 0.9 
Annual rate of reduction in costs attributable to management 12 
Annual increase in capacity of fleet in ATMs =o 
Annual increase in traffic in revenue passenger-miles (RPMs) 6.9 


Source: Sawers (1987) 
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Although questions can be raised about various aspects of these studies,® 
the cumulative evidence provides persuasive documentation of the favour- 
able influence of deregulation on airline efficiency and costs. Airline 
performance improved significantly in the post-1978 environment when 
carriers enjoyed greater operating freedom and were subject to more 
intense competitive pressures. Airline costs declined partly because of the 
elimination of high rents enjoyed by airline workers under a regulatory 
regime that permitted high labour costs to be largely passed on to con- 
sumers. For example, Bailey, Graham and Kaplan (1985) found that, after 
deregulation, airlines were instituting two-tier wage structures (under which 
new employees are paid substantiatly less than employees already on the 
payroll), and introducing much more competitive work rules.? In addition, 
gains were achieved because airlines responded to the new opportunities 
and pressures under deregulation by taking advantage of available econ- 
omies, and by relating their fares and quality of service more closely to 
costs and the nature of consumer preferences. These latter developments 
merit elaboration. 


In general, the costs of air service per passenger are positively related to 
distance, and negatively related to the number of passengers. But while 
costs are lowered when larger aircraft are run at higher load factors, the 
resulting decline in flight frequency will inconvenience passengers. To 
maximize profits, carriers must balance cost savings from economies of 
scale and utilization against the revenue implications of the associated 
decline in quality of service. 


Bailey, Graham and Kaplan (1985) have shown that the trade-offs are such 
that profit maximization will lead to the use of larger aircraft at higher load 
factors as distance and market density increase. In high-volume markets, 
the economies from more efficient use of resources exceed the decline 

in demand from reduced flight frequency. The same is true in longer- 
distance markets where consumer preferences are strongly influenced 

by the difficulty of substituting other modes of transport for air travel. 


Under CAB regulation, carriers could not respond to these market realities. 
Part of the problem was a system of regulated prices which did not reflect 
costs. In short-haul markets, prices were set below costs, leading to an 
insufficient allocation of resources. By contrast, in long-haul markets, 
airlines engaged in non-price competition by increasing flight frequency 
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and lowering load factors. The result was exactly the reverse of what we 
should expect from the economics of air service; load factors were lower 
on long-haul than on short-haul routes (see Appendix A). 


In a study predating deregulation, Douglas and Miller (1974) examined the 
costs of the service competition which took place under CAB regulation as a 
substitute for price competition. They found that the benefits to travellers 
from more frequent flights and improved in-flight amenities were more than 
offset by the attendant higher fares. The resulting welfare loss to travellers 
was estimated to be greater than $1 billion per year during the early 1970s. 


Deregulation eliminated the misleading signals that were a product of CAB 
price regulation. Figure 2, which comes from Graham, Kaplan and Sibley 
(1983), shows that the perverse relationship between load factor and dis- 
tance, which Douglas and Miller had identified for 1969, had been reversed 
with the relaxation of regulatory controls and the replacement of service 
with price competition.’° Load factor increased at most distances because 
most consumers preferred a lower combination of price and service 
quality than was available under regulation. At the same time, however, 
deregulated carriers continued to offer a more expensive product to 

meet the special needs of those passengers who place a high value on 
service convenience.!'! 


A second important consequence of deregulation was that it allowed carri- 
ers to alter their market coverage to exploit available economies more fully. 
This has resulted in the increased use of hub-and-spoke route structures, 
under which passengers from various cities are fed (by spoke routes) into 

a centralized airport (the hub), from which they take connecting flights to 
their destinations. Hub-and-spoke systems take advantage of economies 

of scope that exist because it is often less costly to produce airline outputs 
jointly than independently. Passengers from various origins who are going 
to a common destination are collected at a hub airport and put onto a single 
large aircraft, thereby producing a joint output. Underlying the advantages 
of joint production are the economies of larger aircraft and higher load 
factors that were discussed earlier. When these savings exceed the costs 

of rerouting traffic, economies of scope exist. 


Figure 2 | 
Loap Factors AND DisTANce® 


Load factor (%) 


Year ended June 30, 1981 


100 300 500 700 900 1100 1300 1500 1700 1900 2100 
Distance (Miles) 


Source: Graham, Kaplan and Sibley (1983) 


a For each year, curve is drawn for the mean values of passengers and number of 
airlines or Herfindahl Index. 


Hub-and-spoke systems were in operation before deregulation. The elimina- 
tion of entry controts accelerated their use and allowed for a more rational 
structuring of hubs. The experience of United Airlines, which is illustrated 

in Figures 3A and 3B, typifies the dramatic changes in route patterns that 
occurred after deregulation. 


The hubbing process requires carriers to synchronize flights to and from the 
various points in their system. Timing is important; to cross-connect pas- 
sengers, carriers must move waves (or banks) of aircraft through connecting 
points at about the same time. A successful hubbing system also depends 
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Figure 3A 
UnireD AIRLINES, INC. | 
UNDUPLICATED FLIGHT ParTerN, JULY 1979 
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Source: Secretary’s Task Force on Competition in the U.S. Domestic Airline Industry (1990d) 
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Figure 3B | 
UNiteD AIRLINES, INC. 
UNDUPLICATED FLIGHT ParTerN, Marcy 1989 
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on the establishment of an extensive network, involving cross-connections 
to a large number of points. An airline with several spokes emanating from 
its hub will be well placed to offer passengers service to their ultimate 
destination. The high “feed” from incoming flights will also help the airline 
achieve a high load factor on flights departing from its hub. While the 
hub-and-spoke system has increased efficiency, it has also had important 
implications for service quality and for airline concentration aspects (which 
we discuss in later sections). 


4. AIRLINE FARES 


It is generally agreed that deregulation brought fares more in line with 
resource costs of providing alternative services. Fares have risen on short- 
haul routes (where they were below costs under regulation) and fallen on 
long-haul routes. But the price disparities that have emerged do not simply 
reflect variations in cost; there has also been an intensification of price dis- 
crimination. The airlines’ use of deep discount fares to attract marginal cus- 
tomers has been of great benefit to many discretionary travellers — although 
as Borenstein (1990) noted, this tends to be overlooked because the term 
“price discrimination” carries such negative connotations. Of more con- 
cern are those price disparities which reflect differences in the intensity of 
competition between different markets (for discussion see Section 8). 


Several studies document the decline in average fares, adjusted for inflation, 
but results are sensitive to the time period selected, and the adjustments (if 
any) made to remove the effects of those factors unrelated to deregulation. 
Early assessments, such as the study by Bailey, Graham and Kaplan which 
focussed on the 1978-1982 period, were complicated by a number of impor- 
tant exogenous events: the 1981-1982 recession, the second oil shock 

and the U.S. flight controllers’ strike. Assessments of the 1985-1987 period 
reflect the effect of the severe price wars which led to industry-wide losses. 
Real airline fares fell sharply, but the low rates were not sustainable. 


Since 1987, real yield (that is, revenue per passenger-mile adjusted for infla- 
tion) has increased somewhat, but in 1988 it was still almost 22 percent 
below its level of a decade earlier. In itself, however, this does not substan- 
‘tiate the benefits of deregulation. Studies, such as that by the Secretary’s 
Task Force on Competition in the U.S. Airline Industry (1990), which 
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emphasize the decline in inflation-adjusted fares are open to the sorts of 
arguments illustrated in Table 2. This comes from a study by Paul Dempsey 
(1990) which attempted to document the failure of deregulation. What the 
table shows is that real yields were declining prior to deregulation and, indeed, 
when adjusted for changes in real fuel prices, real yields declined more 
rapidly in the decade before, rather than in the decade after, deregulation. 


These results are significantly influenced by the choice of 1978 as the 
starting year of deregulation. The CAB had begun to allow discount fares 
and to relax substantially its price controls in early 1977. lf, following Kahn 
(1988b), we choose 1976 as the critical dividing year, the growth rate 
differences indicated in the last column of Table 2 virtually disappear. 


Table 2 
VIELD AND FUEL PRICE INDICES 
(1978=100) 


Real yield (revenue per Real fuel Fuel adjusted 
passenger mile) prices real yields 


Growth rates: 
1967-77 
1978-88 


Source: Dempsey (1990) 


Moreover, fuel-adjusted real yields represent a crude and misleading attempt 
to adjust for the effects of inflation. A methodologically more acceptable 
approach was adopted by Morrison and Winston (1986, Chapter 3), who 
constructed a fare deflator by estimating the relationship between fares, 
input prices and output characteristics. The deflator allowed the authors to 
predict what 1983 (their post-deregulation benchmark) fares would have 
been if flight characteristics, fuel prices and wages were the same as in 
1977 (their pre-deregulation reference year). 


However, Morrison and Winston's methodology is, itself, open to criticism. 
The treatment of wages as an exogenous variable omits what some would 
claim to be a main impact of U.S. deregulation: the elimination of the rents 
that had accrued to airline employees under regulation. On the other hand, 
Morrison and Winston may have attributed too much of the decline in air 
fares to deregulation by failing to adjust for the cost reduction attributable 
to the introduction of new, more efficient aircraft. The latter has been an 
important factor underlying the long-term decline in real yields as indicated © 
in Table 1. Sawers (1987) showed that the introduction of new aircraft did 
not significantly lower costs between 1978 and 1984, roughly the period 
examined by Morrison and Winston (see Table 1). 


Despite the difficulty of estimating the precise impact of deregulation on 
prices, there is agreement that expectations created in earlier years by 

the disparity in prices between regulated interstate and unregulated intra- 
state carriers have, in general terms, been satisfied.'2 The gains in effi- 
ciency following deregulation have largely benefited consumers rather 
than investors; after deregulation, the rate of return on investment in 

the airline industry has remained less than half the average rate for all 
U.S. industries. In addition, consumers have benefited from an elimination 
of the biases toward higher fares that were incorporated in the CAB pricing 
formula. Updated calculations of the Standard Industry Fare Level (SIFL) 
formula undertaken by the Department of Transportation indicate that, . 
as of the third quarter of 1989, CAB regulation (applied to the cost levels 
of deregulated carriers) would have resulted in prices, on average, 

8 percent higher.'? 


5, SERVICE QUALITY 


Based on the evidence that price controls caused wasteful service competi- 
tion, it was expected that deregulation would lower the average quality of 
service — albeit providing an overall price-service package that was more 
reflective of consumer preferences. To some extent this has occurred. 
Responding to market demands, airlines have traded off, for example, 

wide seating and various in-flight amenities, for lower prices. There has 
also been a strong growth in the discount fare portion of the market (from 
48 percent in 1979 to 91 percent in 1988) and, because of their various 
restrictions, discount fares represent a somewhat lower quality of service 
than coach fares. But the overall impact of deregulation on service quality is 
quite different from expectations, in large part because of the consequences 
of the hub-and-spoke system. 


The hubbing process itself involves an additional connection, and thus 
increases travel time for some passengers. This is more than offset, how- 
ever, by the benefits of hub-and-spoke operations: more on-line service 
(rather than interline service in which passengers must switch both planes 
and carriers to complete their flight) and more frequent flights to most des- 
tinations. The latter has been a particularly important development. The air- 
lines have greatly improved the service available on low-density routes by 
providing more frequent flights using smaller aircraft between non-hubs and 
hubs. According to the Secretary's Task Force (1990b), most small points 
now receive three or more flights a day to a connecting hub that provides 
access to most large cities throughout the country. Under the previous linear 
system, small cities received only one or two flights to particular destina- 
tions, with these generally including one or more intermediate stops. '* 


Morrison and Winston found that business travellers, who place a high 
value on finding flights that correspond to their desired departure time, 
were the main beneficiaries of the increase in flight frequency. Indeed, this 
was a main source of the almost $6 billion annual gain in consumer welfare 
identified in their study. 


Morrison and Winston's estimates did not capture what many travellers 


would consider to be two of the most important and disturbing recent 
developments: the greatly increased congestion and delay at major U.S. 
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airports. These have been caused by the increased traffic concentration at 
hubs, but more importantly, by the recent growth in air travel, which is due 
to deregulation as well as other factors such as the buoyant U.S. economy. 
Most economists, however, would agree with Kahn (1988a, p. 321) that 
airport congestion is not a necessary and inherent cost of deregulation; 
rather, it is due to the failure of government authorities “to expand airport 
and air traffic control capacity and... to price those scarce facilities at their 
marginal opportunity costs.” In a more recent Brookings study, Morrison 
and Winston (1989) estimated the potential net benefits from combining 
more economically appropriate landing fees with optimal investments in 
runway Capacity to be at least $11.0 billion annually. 


6. SERVICE TO SMALL COMMUNITIES 


The fear that carriers would take advantage of the freedom of entry or 

exit under deregulation to abandon service on low-density routes has 
turned out to be unfounded. The findings of the Secretary’s Task Force 
(discussed above) support an earlier General Accounting Office (GAO) study 
(1985) which found that between October 1977 and October 1984, weekly 
departures increased by 31.3 percent at small hubs and by 20 percent at 
non-hubs. Moreover, because of the nature of the hub-and-spoke system, 
each of these departures offered connections to destinations throughout 
the country — a major improvement over the access available under the 
previous system. 


In addition to the benefits from adoption of the hub-and-spoke system 

and the replacement of jets with smaller aircraft that could economically 
serve these thinner markets, air service to small communities was protected 
through specific provisions in the Airline Deregulation Act. Section 419 of 
the Act, dubbed the Essential Air Service Program (EAP), guaranteed the 
provision of service to points that were certified and thereby protected 
under earlier legislation, as well as to some points that had been decerti- 
fied over the previous decade. As of February 1, 1986, the CAB, which 
administers the program, was providing $24.1 million in annual subsidies 
to preserve service to 105 points. The EAP was a significant improvement 
over its predecessor, which had inadvertently encouraged the use of inappro- 
priate aircraft and the provision of a lower quality of service. It was also 
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less costly: Meyer and Oster (1984) estimated that the EAP provided savings 
of around 30 percent, compared to the per passenger subsidy provided 
under the previous program. 


The EAP has not prevented carriers from terminating service to uncertified 
points. The GAO (1985) reported that 114 communities lost all scheduled air 
service between October 1978 and October 1984. This was, however, a con- 
tinuation of a trend that had begun well before deregulation. Morrison and 
Winston (1986) attempted to isolate the impact of deregulation from other 
factors, for example, GDP, fuel prices and interest rates, that influence the 
number of points in the scheduled air service network. Their finding, that 
economic conditions rather than deregulation, caused the observed loss 

in service to small communities, reinforces the conclusion that deregula 
tion has, on balance, had a highly favourable impact on passengers in 
low-density markets. 


7. Air SAFETY 


In a perfect market, carriers will treat safety in the same fashion as they 
treat other aspects of service quality and will make an optimal investment 
reflecting travellers’ willingness to pay for increased safety precautions. 
Morrison and Winston (1989) showed that travellers attach significant 
importance to a carrier’s safety record. But while the market encourages 
carriers to operate safely, the incentive structure will not be optimal because 
of the inadequacy of the information available to consumers. The costs of 
this market failure could conceivably increase under deregulation where 
Carriers are under strong pressure to gain a competitive advantage. 


Empirically, it is very difficult to determine if this has been the case. Airline 
accident rates — that is, fatal accidents per 100,000 departures — have 
declined secularly in the U.S. due to various technological developments 
and training improvements (see Figure 4). To determine if the decline in the 
recent period would have been greater in the absence of deregulation, it is 
necessary to control for all other possible influences (besides regulation) 
on accidents, some of which are very difficult to identify and measure. 


Studies that have examined the causes of airline accidents do not suggest 
that deregulation has been a significant factor. Oster and Zorn (1987), for 
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example, found that accident rates based on equipment failure were lower 
in the post-deregulation period, indicating there has been no slackening 

in maintenance practices. They also found that the growth of the hub-and- 
spoke system has not led to an increase in accidents related to air traffic 
control. Kanafani and Keeler (1987) found that concerns relating to the 
safety practices of new entrants were unjustified; the overall safety record 
of new entrants was no worse than that of established carriers. 


Critics of deregulation maintain that accident data do not reflect the true 
situation. Dempsey (1990) pointed to a number of potentially troubling 
indicators including the increase in the age of the fleet; the decline in main- 
tenance expenses as a proportion of total operating expenses; and the 
decrease in the average level of experience of pilots. He referred to a survey 
of airline pilots in which 97 percent were reported to concur with the view 
that deregulation has adversely affected safety. 


Figure 4 
Fatal Accipents PER 100,000 Departures, U.S. CERTIFICATED Air CARRIERS 
1949-1988 


Number 


Accident rate 


1950 1955 1960 1965 1970 1975 1980 1985 


Source: Morrison and Winston (1989) 
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While most economists are sympathetic to the need for further research 
and improved understanding in this area, no economist would regard safety 
concerns as an indictment of price and entry deregulation. The Airline 
Deregulation Act of 1978 did not affect the authority of the Federal Aviation 
Administration (FAA) over airline safety. To the extent the evidence on 
airline safety raises questions, these pertain not to the merits of deregu- 
lation, but to the adequacy of administration and enforcement by the FAA. 
Even researchers, such as Morrison and Winston (1989), who believe that 
deregulation has not reduced long-run safety, have suggested that there is 
considerable scope to improve institutional arrangements so that the 
government is better able to manage and promote air safety. 


8, INDUSTRY STRUCTURE AND COMPETITION 


The long-run consequences of deregulation depend crucially on the exis- 
tence of effective competition. It is competition which generates the pressure 
to increase efficiency and to pass the resulting gains on to consumers. 

The relevant issues in this area can usefully be discussed by addressing 
three basic questions: 


¢ What has occurred? 
¢ What are the implications of the structural changes that have occurred? 


* To what extent do these changes reflect underlying production 
technology, as opposed to the influence of government policy? 


WHAT HAS OCCURRED? 


One perspective on what has occurred comes from an examination of 
recent mergers and acquisitions which have greatly increased the degree 
of industry concentration. Between 1978 to 1984, the industry expanded but 
then went through a period of consolidation (see Figure 5) that, by 1989, 
resulted in 92 percent of the industry’s revenue passenger-miles being 
concentrated in the eight largest airlines. 


Organization and route restructuring has also given rise to increased con- 


centration at large- and medium-sized hub airports.'® Figure 6 shows the 
increase in concentration at many of the most important U.S. airports 
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between 1979 and 1988. At six large hubs, a single carrier accounts for 
75 percent or more of all enplanements. This concentration is partly a 
logical consequence of the pressures within the hub-and-spoke system 
for carriers to establish a high degree of control over traffic to and from 
their connecting hubs. 


Figure 5 
Mayor Alr CARRIER MERGERS, ACQUISITIONS, PURCHASES AND CONSOLIDATIONS SINCE PROMULGATION OF 
THE AIRLINE DEREGULATION Act oF 1978 


Market Share 


1987 1988 1989 


American —-———_ AMERICAN 13.8 TH.2 16.6 
Air Cal 

United AA —_———_ UNITED 16.9 16.4 16.2 
Pan Am (transpacific routes) 

Texas International ——————————————_ TEXAS AIR 19.0 19.3 15.9 
Continental 

New York Air 

Frontier ---————————— People Express 

Britt 

PBA 

Braniff (Latin America) ———— Eastern 

Rocky Mountain 
Delta ———__________—_—_ DELTA 12.2 12.0 13.3 
Western 

Northwest ————— NORTHWEST 10.3 8.9 9.6 
North Central ———————————_ Republic 
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Source: Dempsey (1990) 

Note: Since 1989, the industry has become more concentrated. Among the more important 


recent developments: Braniff and Eastern have closed down, and Pan Am and 
Continental are operating under the protection of U.S. bankruptcy laws. 


Figure 6 
DoMINANT CARRIER SHARE AT LARGE Hues 
BASED ON ENPLANEMENTS AND 1989 FAA Hus CLASSIFICATIONS 
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Source: Secretary’s Task Force on Competition in the U.S. Domestic Airline Industry (1990b) 


A different and more encouraging perspective emerges from an exami- 
nation of individual routes which are generally considered to be more rele- 
vant indicators of what is happening. Here, competition has increased. The 


situation, as portrayed in Figure 7 and described by the Secretary’s Task 
Force (1990a, p. 4) is as follows: 


Whether measured by the volume of passenger trips (as shown), 
revenue passenger miles, or number of travel markets, competition 
in city-pair markets grew between 1979 and 1988. In 1988, more than 
55 percent of the passengers travelled in city-pair markets served by 
three or more air carriers, up from 28 percent in 1979. 
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Figure 7 
PASSENGER Trips BY ComPETITIVE STATUS 
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Source: Secretary’s Task Force on Competition in the U.S. Domestic Airline Industry (1990a) 


Of the top 1,000 passenger markets in the U.S., 72 percent were less con- 
centrated in 1988 than in 1979. This increase in route competition can be 
reconciled with the increased degree of industry concentration at the 
national level by the fact that the major carriers greatly extended their 
networks in the decade after deregulation. 


In other words, while there are now fewer carriers, each is a participant in 
a much larger number of markets. The ten major carriers and their regional 
partners served 1,361 points in 1988, as compared to only 531 points in 1979.17 


The main exception to this positive trend in the structure of city-pair 


markets is the reduced degree of competition on short-haul trips — (under 
1,000 miles) — to or from a concentrated hub. Non-hubbing carriers have 
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stopped competing in these markets, so competition is essentially limited to 
carriers that hub at either end point. But it is important to distinguish between 
“local” traffic moving between a spoke city and a hub, and “flow” traffic 

for which the hub is likely to represent only one of a number of possible 
connecting points to the ultimate destination.'® Concentration is an issue 
only with respect to local traffic, while most movement from smaller 
centres to hubs is with respect to flow traffic. 


WHAT ARE THE IMPLICATIONS OF THESE STRUCTURAL CHANGES? 


Several studies have investigated the relationship between market structure 
and airline fares. The results indicate that fares fall as the number of com- 
petitors on a route increase, and that an additional carrier has greater impact 
on a market where there are fewer existing competitors. For example, 
Morrison and Winston (1989) found that losing a competitor on a route 
raised fares by 2 to 32 percent, with the high end of the range represented 
by situations in which there was only one carrier left serving a market. At the 
mean distance in their sample of 112 routes, the round-trip fare increased by 
$89 when the number of competitors went from two to one; the increase 
was only $6 when two or more carriers remained after one carrier had 
exited. These results are similar to the findings of Hurdle et al. (1987). 


The effect of market concentration on fares tends to be greater where entry 
barriers exist. One potential barrier is the existence of a hub at the point of 
Origin or destination on a route. Levine (1987, p. 412) elaborated on this: — 


Ata “strong” hub — one where one or two airlines have large 
connecting complexes which account for a large proportion of depar- 
tures — any new entry that does occur ordinarily seems to be limited 
to service to and from other airlines’ strong hubs. The new entrants 
do not appear to compete on the hubbing airline’s sooke segments 

to other non-hub cities. Infrequently, an attempt will be made to estab- 
lish a competing hub structure at another airline’s strong hub ora 
struggle will develop among several airlines attempting to establish a 
hub where none existed before. But the contests that occur are usually 
treated by contestants and observers alike as battles for the survival of 
only one or two carriers, who are expected to earn rents at the hub 
once the smoke clears and the dead and wounded are carted away. 
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Hurdle et al. (1989), Morrison and Winston (1989) and Borenstein (1989) all 
found that the effect of a merger which reduces the number of airlines on a 
route is more serious when the origin or destination is 2 hub.'9 In Morrison 
and Winston’s study, loss of a competitor increased fares as high as 55 per- 
cent when hub effects were taken into account. Borenstein (1989) found that 
a carrier that had a dominant position at an airport charged higher prices 
than it did elsewhere, although per passenger costs tended to be lower. He 
also observed that the dominant carriers were able to charge higher prices 
than their competitors; in other words there was no “umbrella effect” from 
which carriers with smaller operations may benefit. 


The evidence on pricing indicates that U.S. airline markets are not perfectly 
contestable.2° Under the contestability hypothesis, the threat of entry should 
suffice to keep fares at competitive levels; high levels of market concentra- 
tion should not result in higher prices. Contestability depends on ease of 
entry and exit, but there are a number of impediments to entry into U.S. air- 
line markets. These include carrier reputation (including its safety record), 
hub-and-spoke route systems, computer reservation systems, frequent flyer 
programs, travel agent commission override programs, and the limited | 
availability of airport slots and gates. Many of these factors are mutually 
reinforcing. For example, at a major hub, the airline that controls the 
converging network and can provide single-line service to a wide range of 
destinations, has a strong advantage.’ This is reinforced by frequent flyer 
programs, which create strong brand loyalty among passengers, and by 
travel agent commission override programs, which increase the commis- 
sions payable to travel agents who sell a certain proportion of their tickets 
on a particular airline. 


While airline markets do not satisfy the conditions for perfect contestability, 
this does not mean that the competitive threat posed by potential entrants 
is inconsequential. The most detailed examination of this issue, by Hurdle 
et al. (1989), indicates that potential (as distinct from actual) competition is a 
significant factor in some markets. The relevant city pairs are short-distance 
routes (that is, under 800 miles), where there are no barriers to entry due to 
low-density traffic or because the city pair is primarily providing feed to a 
connecting hub which is part of a well developed hub-and-spoke system. 
Indeed, markets in which potential entry is deterred because of economies 
of scale (arising from low-density traffic)? or economies of scope (asso- 
ciated with a hub-and-spoke system) account for a small proportion of 
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domestic passenger traffic. The Secretary’s Task Force (1990) corroborated 
the results of other studies with respect to the higher fares on short-haul 
trips (defined, here, as under 1,000 miles) originating or terminating at the 
nation’s most concentrated hubs,?? but it found that the relevant markets 
represented just over 4 percent of domestic revenue passenger-miles. 


Still, the number of passengers affected by the combination of high con- 
centration and high barriers to entry is not insignificant. And there is 
concern that continuing airline consolidation and route restructuring 
could result in substantial growth in the number of city-pair markets 
where competition is weak or absent. These concerns must be set against 
the favourable general finding that competition on most city-pair markets 
has increased since deregulation. 


In addition, some consideration should be given to the threat that the small 
number of major U.S. airlines will engage in collusive behaviour. Collusion 
on a nation-wide basis could only be successful if there are substantial bar- 
riers to new entry in all city-pair markets, or if entry is successful only on 

a large scale.2* The U.S. government is currently investigating possible 
collusion among the airlines through the use of the computer reservation 
system. Anecdotal evidence suggests that airlines use the computer system 
to signal intended price increases which can then be abandoned if other 
carriers do not go along. 


STRUCTURAL CHANGE AND GOVERNMENT POLICY 


There is widespread agreement that the benefits of U.S. airline deregulation 
have been reduced as a result of inadequacies in various other (that is, 
non-regulatory) aspects of public policy. It is very difficult, however, to 
determine to what extent more appropriate policies and better manage- 
ment of the transition to deregulation could have improved the competitive 
environment. 


Contrary to earlier expectations, size does confer an advantage on Carriers. 
While the strength of the major airlines partly reflects sunk costs and long- 
term contracts which provide them with a high degree of control over 
strategic airport facilities, it is also a result of their ability to operate an 
elaborate network and maintain high flight frequencies. The latter aspects 
can be partly attributed to certain benefits of scale.2° Larger firms are better 
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able to operate an efficient hub-and-spoke network. They can more easily 
finance the lumpy investment associated with the use of price-optimizing 
technologies. They are in a better position to induce brand loyalty through 
the use of frequent flyer programs, and to establish incentive schemes to 
influence travel agent recommendations. And only larger carriers are able 
to take advantage of the benefits of owning computer reservation systems. 
Bailey and Williams (1988) have noted that American’s Sabre system, and 
United’s Apollo dominate the travel agencies in the hubs where these carriers 
operate.*6 Despite efforts to eliminate the “display bias” in the way flights 
are listed, travel agents still tend to favour those carriers who own the 
reservation system.’ 


The public policy problem arises from the fact that these factors are not 
simply sources of market power; they also convey some real economic 
benefits. Earlier, we discussed the economies of scope associated with a 
hub-and-spoke routing system. Levine (1987) also credited the system with 
providing savings in consumer search costs. In particular, large network 
operations reduce the costs of acquiring reputation and service information 
~ “which is subtle and difficult for individuals to accumulate and assimilate.” 
Bailey and Williams (1988, p. 189) suggested that the ownership of a 
computer reservation system can also be a source of efficiency gains: 
“Carriers with these systems can fill more seats by more efficient matching 
of customer preferences with available discount fares, and they can more 
effectively schedule capacity, resulting in higher load factors.” It is similarly 
argued that frequent flyer programs enhance airline efficiency. By appro- 
priately funnelling frequent flyer awards, the airlines are able to fill seats 
that would otherwise be empty. 


One area where the need for reform is apparent is airport policy. Govern- 
ments can much more efficiently allocate scarce facilities at the major 
commercial airports. Currently capacity at the busiest airports is rationed 
through the use of take-off and landing rights or “slots.”28 Although slots 
can be purchased, it may be very difficult for a new carrier to acquire the 
necessary rights to enter a slot-constrained airport. Entry is also compli- 
cated by the shortage of ground facilities such as gates and check-in areas 
at large hub airports. Part of the solution, as Morrison and Winston (1989), 
Kahn (1988a) and others have pointed out, is to replace current landing 
fees with those that reflect marginal opportunity costs and thus fully take 
account of an aircraft's contribution to congestion during peak periods. 
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Airport authorities could also attempt to buy back under-used gates and 
to extricate themselves from arrangements with carriers which limit their 
ability to expand groundside facilities.29 


As well, substantial benefits may be realized through an efficient expansion 
in airport capacity. This would require local authorities to increase capacity 
up to the point where the extra costs are equivalent to the benefits in terms 
of reduced congestion and delay. However, as the Congressional Budget 
Office (1988) has noted, many large airports do not have the space for 

new runways, and noise and land-use concerns are a major obstacle to 
airport expansion. 


Airline marketing practices have been the subject of a number of inquiries. 
Frequent flyer programs, computer reservation systems and travel agent 
Override commission programs impede competition. They can also cause 
serious principal-agent problems; frequent flyer programs create a possible 
divergence in interests between business travellers and their employers, 
while commission override programs, which affect the self-interest of travel 
agents, may adversely affect travel agents’ clients. Since these marketing 
arrangements appear, at the same time, to have some beneficial conse- 
quences, the appropriate policy response is far from certain. Recently, 
ownership of three of the five computer reservation systems in the industry 
has become more diversified. This lessens the concern that computer 
systems will be used to thwart competition. 


To those who believe that the high level of airline concentration reflects 
the failure of government policy, one of the most significant aspects of 

this failure was the Department of Transportation's inability to control the 
merger wave that occurred between 1984 and 1987. The Congressional 
Budget Office (1988) found that there is basis to criticize the decisions of the 
Department of Transportation (which mistakenly assumed airline markets 
were perfectly contestable), but these decisions “did not play a large role 

in the consolidation of the industry.” On the other hand, Morrison and 
Winston analyzed six mergers approved over 1986-1987, and found that all 
resulted in decreased competition and significantly higher fares. It is only 
when they took into account the non-price benefits of mergers, and particu- 
larly the effect of mergers in raising the value of travellers’ frequent flyer 
benefits, that some of the mergers seemed, on balance, to be positive. As 
Morrison and Winston themselves acknowledged, however, the evaluation 
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of frequent flyer benefits is problematic. The authors interpret their results 
not so much as a criticism of previous merger decisions, but as an indica- 
tion of the limitations of merger policy in terms of its ability to take account 
of the long-run opportunity cost of network consolidation. 


CONCLUSION 


There is general agreement that airline deregulation in the U.S. has been a 
success. The changes in route patterns and organizational structures which 
have occurred in response to market forces have resulted in major improve- 
ments in efficiency. Wasteful service competition has been eliminated, and 
the price-quality offerings of U.S. carriers now more closely reflect costs 
and traveller preferences. Some questionable distributive aspects of the 
previous regime have also been eliminated; in particular, airline employees 
no longer enjoy rents in the form of high wages and inefficient work rules. 
Deregulation has not reduced the service available to small communities, 
nor has it disrupted the long-term trend toward improved airline safety. 


These positive developments have been only partly offset by some 
unfavourable structural trends. While there has been an increase in the 
number of competitors in most city-pair markets since deregulation, 

the airline industry as a whole has become quite concentrated. Moreover, 
the expectation, that deregulated airline markets would be perfectly contes- 
table and that the threat of entry would thereby limit the opportunity for 

_ the exercise of market power, has proven incorrect. Airline fares are higher 
where routes are highly concentrated and/or where one or two carriers are 
in a dominant position at an airport. Along with concerns pertaining to the 
power of carriers in particular markets, the high degree of industrial concen- 
tration and the current use of computer reservation systems are seen, by 
some, to pose a threat of collusion at a national level. 


The competitive advantage of large carriers is partly a natural consequence 
of their efforts to develop an efficient network and to build a reputation as 
reliable providers of air service. It is also attributable to airline marketing 
practices involving frequent flyer programs, computer reservation systems 
and travel agent commission override programs. And it is a result of entry 
barriers arising from the lack of slots and ground facilities at some airports. 
To some extent, these reflect certain inadequacies in U.S. policy. As Elizabeth 
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Bailey, an ex-member of the CAB, has herself acknowledged (1989, p. 113), 
“the Civil Aeronautics Board [failed] to treat civil aviation policy as a 
complete system of interrelated elements. [It] did a partial equilibrium 
analysis, deregulating the rate-and-route authority that [it] had within the 
CAB, without fully addressing such policy issues as airport capacity and 
air traffic control.” 


At the same time, however, some of these issues pose very difficult trade- 
offs between increased efficiency and reduced competition. For example, 

a merger may eliminate competition on a route, but traffic density may be 
such that only one carrier can efficiently serve the market. An acquisition 
may substantially strengthen the position of a carrier at a given hub, but the 
threat from this increase in concentration must be balanced against the real 
efficiency gains from a better developed network which generates increased 
feed to and from all points. Moreover, the threat to market forces from such 
developments may be quite subtle. The anti-competitive effect of a merger, 
for example, may come from the potential, long-term impediment to entry 
from network consolidation. 


Similarly, the incremental contribution of particular marketing practices to 
the market power of large carriers will often be very difficult to isolate. At 
issue is not simply the administration of competition policy, but the more 
fundamental question as to whether competition policy can provide a suffi- 
cient safeguard against the exercise of market power. While the evidence 
argues strongly against the reregulation of the airline industry, it does not 
allow one to entirely dismiss the possibility that some protection may be 
required for passengers in particular airline markets. 


APPENDIX A 


THE OPTIMAL LOAD FACTOR 


Following Morrison (1989), the effect of regulation on load factor and qual- 
ity of air service can be illustrated using Figure A-1. The line labelled “Fare” 
represents the combinations of fares and load factors that result in normal 
profits. At higher load factors, lower fares are consistent with normal profits. 
The line labelled “Value of Schedule Delay” represents the loss to passen- 
gers arising from the gap between their actual and their desired departure 
time. This slopes upward because higher load factors are associated with 
fewer flights and this, in turn, is likely to result in increased passenger 
delay. “Total travel cost” represents the cost to passengers, taking account 
of the impact of increasing load factor on both fares and passenger delay. 


In a competitive market, carriers will be under pressure to minimize the 
total cost of travel, consistent with their own need to earn normal profits. 
This will result in the establishment of fare F* at load factor LF*. Under. 
CAB regulation, fares were set at a level such as Fr, and carriers competed 
by increasing flight frequency until all excess profits were eliminated. In the 
diagram this occurs when the load factor has been reduced to LFrp. Total 
cost to the passenger, TTCp, is above the minimal point on the travel cost 
curve, and the traveller is presented with a price-quality package that is 
much less desirable than that which would result under competition. 


This distortion was particularly marked in long-distance markets. In the 
figure, the fare curve for a long-distance flight would be above that for a 
short-haul flight, and the “Total Travel Cost” curve would move up and to 
the right. As a result, minimum total travel cost occurs at a higher load 
factor in long-distance markets. But, because CAB fares were set at a 

level that initially provided substantial excess profits in long-distance 
markets, the ensuing competition led to abnormally high flight frequency 
and extraordinarily low load factors on these routes. Hence, contrary to the 
optimal relationship, CAB regulation resulted in load factors that declined 
with distance. 


Figure A-1 
OprimaL Loap Factor DETERMINATION 


Cost per passenger 


Total travel cost 


Value of schedule delay 


Load factor 


Source: Morrison (1989) 


The figure can also be extended to take account of the differing preferences 
of business and vacation travellers. Since business travellers tend to attach 
a higher cost to schedule delay, the minimum point on their “Total Travel 
Cost Curve” will be to the left of that for vacation travellers. Business 
travellers would be best served through a lower-than-average load factor, 
and a correspondingly higher fare. The reverse is required to meet the 
needs of vacation travellers. This distinction was not recognized under 

CAB regulation, where fares were based mainly on distance. In conse- 
quence, regulated fares were above the optimal level on vacation routes, 
as well as on long-distance routes. 


ENDNOTES 


1. Federal regulation did not apply to intra-state carriers. Evidence of the superior performance 
of unregulated intra-state carriers in California and Texas influenced the public policy 
debate leading up to deregulation. 


2. The liberalization process accelerated after Alfred Kahn became Chairman of the CAB 
in 1977. “Supersaver” fares were introduced in the spring of 1977. In the fall of 1978 a 
“zone of reasonableness” was established which allowed carriers to set fares as much 
as 10 percent above or 50 percent below a CAB standard fare. In May 1980, the upper 
boundary of this zone was extended and the lower boundary entirely removed. 


3. This Essential Air Service Program is still in Og Sie, although it was initially scheduled 
to expire in 1988. 


4. Average load factor had dropped below 50 percent in the early 1970s as the opportunity 
for higher profits resulting from the development of increasingly efficient jet aircraft led | 
to increased service competition; flight frequency increased and load factor declined until 
excess profits were eliminated. After 1972, the CAB tried to take account of this effect in 
setting rates which resulted in some improvement in the load factors of the major U.S. 
airlines just before deregulation. 


5. In most studies, the counterfactual case on how the industry would perform were it still 
regulated is developed from an extrapolation of trends observed in the period Pe 
deregulation. 


6. For U.S. carriers, the growth of total factor productivity accelerated from a 2.9% average 
rate over the period 1970 to 1975 to a 3.1% rate over the period 1975 to 1983. Had the 
performance of U.S. carriers changed in the same way as non-U.S. carriers, total factor 
productivity would have grown by only 1.8% per year over 1975 to 1983. The results from 
accumulating these differences over the eight years suggest that, in the absence of dereg- 
ulation, 1983 airline costs would have been 10% (or $4 billion) higher. Caves et al. dated 
deregulation from the relaxation of CAB price control in the mid-1970s. However, they 
found that using 1978, the year the Airline Deregulation Act was passed, as their transi- 
tional year did not change their general conclusions regarding the positive effect of 
deregulation on the growth of total factor productivity. 


7. Sawers pointed out that this improvement was all the more impressive in the context of 
the much slower growth in air traffic (due in part to the oil shock and recession) after 1978. 
In this environment, as opposed to that prevailing between 1970 and 1978, efficiency 
gains were more difficult to achieve. 


8. For example, it has been argued that the industry was not in equilibrium during the period 
observed by some of the studies. With the exception of Morrison and Winston, the studies 
have not attempted to adjust for differences in the mix and quality of output before and 
after deregulation. The studies’ assumptions about what would have occurred in the 
absence of deregulation are also open to challenge. 


9. New entrants created strong pressures for incumbents to achieve less restrictive work rules. 
Graham, Kaplan and Sibley cited a number of pertinent examples. Pilots at Southwest, a for- 
mer intra-state carrier, averaged more than 50 percent more flying hours per month than 
pilots of the formerly regulated carriers. Southwest's cost of operating a Boeing-737 was 
initially much less than that of United, a formerly regulated carrier, in large part because 
United’s labour contract required it to use a three-person cockpit crew to fly a two-person 
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aircraft. United subsequently renegotiated its labour contract so it could use a two-person 
crew. In addition, Southwest and other new entrants had more flexibility in allocating 
labour; for example, baggage handlers could be called up to load in-flight meals. 


The load factor curves in Figure 2 were derived from equations estimating the relationship 
between load factor, distance, concentration and traffic volume. While the 1976 results 
predate deregulation, the CAB had, by this time, recognized the effect of its rate controls 
on load factor, and it had adjusted its pricing formula to reduce airlines’ incentives to 
engage in non-price competition. 


Airlines have met the need of time-sensitive passengers by setting aside a number of 
seats on each flight for full-fare passengers. They have also introduced peak-load pricing 
which reserves seats on peak flights for those who place a high cost on delay time. 


A number of studies have highlighted the lower fares charged by unregulated intra-state 
carriers. For example, Jordan (1970) found that, in California, the fare level of intra-state 
carriers was 32 to 47 percent lower than the comparable rates charged by CAB regulated 
trunk carriers. From a model based on the costs of California carriers, Keeler (1972) esti- 
mated that the disparity between regulated and unregulated fares was between 20 and 
95 percent, with the gap increasing with distance. _ 


This estimate does not take account of the contribution of deregulation to reducing carrier 
operating costs because the SIFL formula is partly based on costs. Fares were set by a 
fixed charge plus a per-mile addition, calculated so as to allow the industry to earn a 

12 percent rate of return on its base, assuming a 55 percent load factor. 


The ability of a hub-and-spoke system to provide increased service to small centres can b 
e seen by looking at a simple network of five cities. As Morrison (1989) showed, using a 
linear system, 20 non-stop flights per day are required to provide one non-stop flight 
between each city. With a hub-and-spoke arrangement, those 20 flights will provide 

two connecting flights per day between each of the cities. 


The previous subsidy program was under the authority of section 406(a) of the Civil 
Aeronautics Act of 1938. The individual carrier subsidies introduced by the CAB in 1954 
were replaced by a “subsidy class rate” system in 1961 which remained in effect until 
the termination of the 406 program in 1983. Meyer and Oster (1984) noted that the “class 
rate” formula was generous in identifying the portion of the carrier’s investment base 
relating to subsidized operations. (This portion is the basis for calculating the amount of 
subsidies required to provide a reasonable return.) The effect was to encourage carriers 
to invest in jet aircraft that were more suitable to long-haul, high-density markets and, 
hence, to hasten the abandonment of small communities by local service carriers. Also, 
since subsidy rates were based on the volume, and not the quality, of service, there was 
an incentive for carriers to provide a lower quality of service to small communities; carriers 
could maximize their revenue by flying subsidized routes during off-peak periods (when 
they could earn less revenue on their nonsubsidized routes), and by flying a multi-stop 
route among subsidy-eligible points. 


The Federal Aviation Administration defines large hubs as those that account for 1% or 
more of all domestic enplaned passengers. Medium hubs account for 0.25 to 0.999%; 
small hubs, 0.05 to 0.249%; and non-hubs, less than 0.05%. 


These data come from the Secretary’s Task Force on Competition in the U.S. Airline 
Industry, (1990d, 1). 
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18. The following example, from the Secretary’s Task Force (1990b, p. 16) illustrates this 
point: 


A small hub like Akron, Ohio, is a monopoly spoke that contributed to Piedmont’s 
concentration at Dayton. It is also a monopoly spoke for six other connecting 
hubs, contributing to the dominance of one carrier at each of those hubs. 
Nevertheless, Akron has available hundreds of connections to many points 

as a result of being a spoke city to each of these hubs and, obviously, when 
Akron passengers move beyond one of the connecting hubs, various competi- 
tive alternatives are typically available. Most Akron passengers, in fact, do move 
beyond these connecting hubs. This is another example of how the hubbing 
process simultaneously increases concentration at a connecting hub and creates 
competitive alternatives for passengers moving beyond the connecting hubs. 


19. Dresner and Windle (1990) suggested that the effect of hub concentration on airline fares 
could be explained by the gains to the consumer in the form of frequent flyer benefits. 
However, their focus is on the difference in fares charged by airline A, flying from X to Y 
as compared to flying from Y to X. They found that higher fares would be charged on X 
to Y if the airline was the dominant carrier at airport X but that the fare disparity could be 
accounted for by the value of frequent flyer benefits. Morrison and Winston (1989) and 
Borenstein (1989) were concerned with the effect of hub concentration at either the point 
of origin or destination on the fares charged by airline A relative to its smaller competitors. 
Their finding that, in this context, hub effects are significant is not challenged by the 
results of the Dresner and Windle study. The latter, though, does highlight the difficulty of 
controlling for all the factors besides market share that may explain higher airline yields. 


20. The airline industry, in fact, violates all the theoretical conditions for perfect contestability. 
Contrary to the contestability hypothesis, new entrants to airline markets may be at a 
significant cost disadvantage because of the existence of economies of scale and scope. 
For contestability, incumbent firms must be unable to respond quickly enough with a 
price reduction to foreclose a profit opportunity to entrants; but route fares in the airline 
industry can be adjusted almost instantly. Contestability also depends on the absence 
of sunk costs, but a carrier’s service and safety reputation is an important aspect of air ser- 
vice, and an investment that is unrecoverable. 


21. This advantage is in terms of both higher service quality and lower production costs. The 
former relates to the carrier's ability to provide more frequent service to a wide variety of 
destinations. Lower costs are a consequence of the carrier’s ability to generate the feed 
required to run larger planes and to achieve high load factors. 


22. Caves et al. (1984) distinguished between economies of firm size and economies of traffic 
density. The latter focusses on the behaviour of costs, as output is expanded, by increasing 
service within a given network (number of points served remains constant). The former 
focusses on costs, as output is expanded, by adding points to a network with a given traf- 
fic density. They found there were no significant economies of firm size (unit costs are 
roughly constant within a broad range of network size), but there were sizeable economies 
of traffic density (unit costs decline as service within a given network increases). Within 
this framework, the advantages of larger airlines is explained by their greater ability to 
increase demand and thereby take advantage of economies of density. If output was 
measured differently, however, so as to capture differences in the characteristics of the 
output produced by small and large carriers, it is possible that the marketing advantages 
of large firms would be reflected in increasing returns to firm size. 
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23. After adjusting for differences in trip distance and market size, the Secretary's Task Force 
(1990a) found that fares on trips originating or terminating at the nation’s most concen- 
trated hubs averaged 18.7 percent higher. The hubs were: Minneapolis, Cincinnati, 
Dayton, St. Louis, Pittsburgh, Memphis, Salt Lake City and Charlotte. 


24. De novo entrants are ina much more difficult position than established carriers who 
already have built a reputation, and are linked into a frequent flyer program and a 
computer reservation system. New carriers must deal with these hurdles, in addition to 
those which confront all aspiring entrants (new carriers and incumbents) to those city-pair 
markets characterized by a concentrated hub or a scarcity of airport slots and gates. 


25. As noted in note 22, these advantages were not reflected in some of the earlier studies 
of economies of scale which ignored the effect of size on airlines’ ability to influence the 
demand for their services. These studies are the source for the traditional view that the 
airline industry is not characterized by economies of large-scale production. 


26. Besides Sabre and Apollo, the other computer reservation systems are: System One, Pars 
and Datas 11. In 1988, the five systems generated $1.2 billion in revenue, approximately 
70% of which was from booking fees paid by carriers, with the remainder from fees paid 
by subscribers. Sabre accounted for 38.8% of industry revenue, Apollo 27.6%, System One 
16.6%, Pars 11.1% and Datas 11 5.9%. 


27. The reasons for this, according to the Secretary’s Task Force (1990c, p. 5) are as follows: 


Some CRSs may exhibit superior functionality for booking on the vendor 
airline, which facilitates more bookings on that airline. In addition, travel 
agents often have more confidence in the accuracy and timeliness of the seat 
availability information on the vendor airline and the reliability of having their 
bookings recorded, which again results in additional bookings. Some agents 
also maintain that it is easier and faster to make and change reservations, issue 
tickets and boarding passes, select seats, clear wait lists, and perform several 
other routine tasks for the vendor airline’s flights. Moreover, the ongoing busi- 
ness relationship between vendors and subscribing agents — including the 
ability to receive preferential treatment — is a major factor in explaining 
agents’ loyalty to their vendor airline. 


28. There are four airports in which the Federal Aviation Administration has imposed restric- 
tions on take-off and landing slots: National Airport in Washington, La Guardia 
and J.F.K. airports in New York, and O'Hare Airport in Chicago. 


29. Where carriers provide the financial underpinning for the sale of airport bonds by agreeing 
to cover any revenue shortfall, these tenant carriers will have a large voice in airport oper- 
ating and investment decisions. Bailey and Williams (1988) observed that some airports 
were responding to the resulting problems by attempting to obtain financing on the 
basis of the underlying strength of air traffic markets rather than on the basis of carrier 
guarantees. 
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1. INTRODUCTION 


In the late 1980s an average of 20 million intercity passenger trips were taken 
each year on Canadian scheduled buses,’ about 30 percent of all domestic 
trips which involved public transportation. The average distance travelled | 
by these bus passengers was about 145 kilometres. They rode on a variety 
of vehicles, but mostly on standard, modern, 47-seat, air-conditioned vehicles 
manufactured in Canada by M.C.I. or Prévost. Bus operations vary widely. 
Greyhound has 400 buses serving an extensive route system stretching 
from Vancouver to southwestern Ontario, and north into Yukon and the 
Northwest Territories. At the other end of the spectrum, Dewdney Trails 
(until recently Sandy’s Bus Lines) operates three times a day each way 
between Castlegar and Trail, British Columbia, a 30-minute trip. In a more 
remote setting, Atlin Coach Lines provides service between Whitehorse, 
Yukon and Atlin, British Columbia for 6 to 11 passengers and freight in a 
combination van. This report describes the service provided throughout 
the country, and most of the carriers providing it. 


* The Research and Traffic Group. 
** Research Division, Royal Commission on National Passenger Transportation. 
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Regulation of the industry is perhaps its most complicated and confusing 
characteristic. Originally all bus operations were regulated by the provinces, 
which owned and maintained the highways. Then, in the early 1950s, the 
courts determined that bus carriers which operated beyond the boundaries 
of a province were the responsibility of the federal government. So, the 
federal government passed a law to delegate its responsibility back to the 
provinces, and everything remained as it was, and still does. But not in 
Newfoundland, which is another tale. | 


This report describes the regulatory environment of the intercity bus indus- 
try, the evolution of the present system, the different methods and degrees 
of regulation in the provinces and the effects of these regulations on the 
various aspects of the industry — fare levels, competition, cross subsidiza- 
tion of routes and the scope of service. It even explains the special situation 
involving Newfoundland’s primary bus carrier.2 Also discussed are the inci- 
dence of subsidies from public funds and public ownership in the industry. 


The high degree of regulation in some provinces and the existence of sepa- 
rate jurisdictions with their varied levels of regulation have prompted con- 
sideration of total or partial economic deregulation of the industry. This 
report suggests how the industry might look if it were deregulated and after 
a number of years have passed. 


The coverage does not include all of the Canadian bus industry. It does not 
touch on municipal public transit nor on school bus operations. Neither 
does it discuss tour operations nor the charter bus business, except to the 
extent that they affect scheduled intercity operations. Most scheduled carriers 
also provide charter services. Conversely, some charter bus lines operate 
small scheduled services. 


Scheduled bus carriers also operate a network of freight (parcels) services. 
In some areas, particularly in more remote regions and for carriers serving 
small communities, this is a very large and profitable segment of a carrier’s 
business. In other parts of the country the freight operations are small or non- 
existent. This is true in the densely populated and highly urbanized southern 
Ontario-western Quebec region, where a variety of courier, messenger and 
package delivery services compete for this business. In the remote areas, 
the bus is the only parcel carrier, and other couriers often use the bus 
service to deliver their packages. 
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Although these other aspects of the total bus industry are not part of this 
report, some mention should be made of their somewhat symbiotic inter- 
relationships and their effect upon the intercity carriers. 


Most small scheduled carriers and a significant number of midsize carriers 
achieve most of their revenues from the charter business and, to a lesser 
extent, from school bus contracts. Many operate one or two scheduled ser- 
vices as required to retain their profitable charter rights. There undoubtedly 
are a few smaller carriers which are exceptions to this. One is Big Rock 
Coach Lines, whose service south of Calgary will be described later. Big 
Rock reports that scheduled service is its major business, and the charter 
business is small. 


Virtually all the larger carriers operate in the charter industry, but it is not their 
primary business. Both Greyhound and Voyageur Colonial have explained 
that charter service is marketed as a profitable use of idle bus capacity. 


The freight business has been a boon to many scheduled intercity bus carriers. 
There are carriers who operate on routes whose passenger revenues do not 
cover costs, but which are profitable because of the revenues from the car- 
riage of parcels. There is discussion in this report of cross subsidization of 
unprofitable routes by profitable routes, but another important element of 
the cross subsidization questions involves the support that the passengers 
and parcels, as joint products, provide for each other. 


As mentioned earlier, the extent of freight’s importance varies. To Greyhound 
it provides a third of its transportation revenues,’ and much of it moves in 
trucks out of separate terminals. Voyageur Colonial, on the other hand, has 
considered applying for withdrawal from this business because it is “too 
much trouble” for the amount of revenue it generates. The company is 
under the impression, however, that the provincial authorities wish the 
small town parcel networks to remain. 


2. WHAT THE Bus INDUSTRY AND PuBLic ToLD Us? 


During the course of its consultative process, the Royal Commission received 
submissions and heard from a number of groups and individuals who 
addressed issues related to the bus industry. These included bus companies, 
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associations representing bus carriers and groups representing users of 
the transportation system. The latter had relatively little to say about the 
bus mode. Continuing dialogue between Commission staff and interested 
persons provided additional information. 


. Four bus companies made presentations during the Royal Commission’s 
public hearings: Acadian Lines Ltd. of Nova Scotia, SMT (Eastern) Ltd. of 
New Brunswick, Greyhound Lines of Canada Ltd. and Grey Goose 
Corporation Ltd. 


Greyhound began its presentation by reviewing its recent strategy to reverse 
a declining ridership. Having proven by experience that product improve- 
ment resulted in increased ridership in the past two years, the company 
believes that further improvements would ensure the industry’s future. 
Intermodal connections and coordination of scheduling between modes would 
greatly improve the overall efficiency of the transport system. Greyhound 
also recognized the importance of the relationship between the bus and 

the tourism industries. Greyhound felt that carriers would need to become 
more “customer driven” instead of “operations driven” to maintain a 
presence in tourism. 


Greyhound suggested that further deregulation would be a mistake since 
existing regulations and policies have permitted the orderly expansion of 
sound, safe and efficient bus operations. If the regulatory environment 
were altered so that Greyhound lost exclusive operating rights on its more 
lucrative routes, it would be forced to reduce or eliminate many services it 
cross subsidizes on non-profitable routes. 


Acadian Lines also argued that deregulation would result in a reduction of 
services. Cross subsidization between passenger revenues, parcel express and 
charter revenues, and between main routes and regional services ensures, 
Acadian contended, the presence of a bus service to many communities in 
Nova Scotia. In a regulated environment, the industry could remain viable 
without government subsidies. 


As a company operating regional carriers in several provinces, Grey Goose 
was even more vocal in arguing the importance of cross subsidization to 

maintain rural and regional bus service. According to Grey Goose, scheduled — 
bus services provided by regional carriers are not profitable in themselves, 
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and continued regulation is therefore essential to maintain bus service to 
the regions. Grey Goose also put emphasis on the development of an inter- 
modal system. The company argued that there is a need for a universal 
reservation system to resolve scheduling issues and to offer various levels 
of regularly scheduled service. By integrating local and regional bus service 
to a national reservation system, any region would benefit from increased 
accessibility. 


In its presentation, SMT Eastern underlined its problems in offering a bus ser- 
vice in a province that has limited air service and no international connections. 
This lack of air service has been costing SMT and the New Brunswick 
tourism industry much needed business. As an added frustration, SMT has 
been unable, because of provincial regulations, to obtain a permit to pick 
up tours visiting the Maritimes through Halifax International Airport. SMT’s 
view was that although “there must be changes in government policy, we 
[SMT] also feel that it is up to the various modes of travel to do their part to 
secure their place in the transportation industry.” 


The Royal Commission also heard presentations from the Canadian Bus 
Association (CBA), Ontario Motor Coach Association (OMCA) and from the 
Association des propriétaires d’autobus du Québec. In their presentations 
and briefs, all three proceeded to bring the importance of the bus industry 
within the country’s transportation system to the Commissioners’ attention. 


According to them, the bus industry plays an important role in intercity 
passenger transportation. More importantly, it could play an even greater 
role in the future as it is a form of travel that has not yet reached its full 
potential. There are indeed a number of factors that make bus transporta- 
tion an attractive mode and alternative to both rail and the car. According to 
the OMCA, for instance, the bus is the most fuel-efficient mode of transporta- 
tion. This means it is also the most environmentally friendly. By offering an 
attractive alternative to travel by car, the motor coach industry offers the 
consumer the opportunity to help protect the environment. 


The bus is also the only public mode of transport linking hundreds of com- 
munities and rural areas. It generally offers greater frequency of service on 
short trips, flexibility in points of departures and arrival and, according to the 
OMCA, a better on-time performance than rail. The Association contended 
that the most attractive feature of the bus was its economic efficiency. With 
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minor exceptions, the bus industry is privately owned and generally ope- 
rates without subsidy. In addition, of all the modes, buses have the lowest 
operating costs per passenger-kilometre according to the OMCA. (This 
industry contention is consistent with the Commission staff's costing study 
conclusions.) 


The associations believe that the current uneven subsidy environment with 
respect to passenger travel results in unfair competition on many domestic 
routes. Unfair competition will continue to be a fact of life as long as other 
modes are subsidized, particularly VIA Rail. The CBA believes “this, in turn, 
ultimately harms the choice available to customers.” Given the establish- 
ment of a true level playing field, the Association asserted, bus services 
could be broadened and a better choice of services offered to consumers. 


The bus companies and associations cooperated actively with Commission 
staff in their analysis of the industry, generously providing confidential 
data and thorough responses to questions. From conversations during the 
course of this study (with only two marked exceptions), it was clear that 
the industry favoured the regulated status quo. 


Many of the groups and individuals who expressed their views to the Royal 
Commission felt that the surface transport network, including bus, has been 
neglected and it was in a state of decline. Traveller advocacy groups were 
not always friendly to the bus mode, and asserted that it should not be 
assumed that travellers would shift to bus services intended to replace train 
services. It was stated that bus companies in Eastern Canada, for example, 
have not benefited greatly from the elimination of many VIA Rail services in 
the region. For students, seniors, people with disabilities and low-income 
families who may not have access to a car, mobility is severely reduced by 
the shrinking number of available transport options. 


Representatives of persons with disabilities referred to the bus industry 
quite often in their presentations to Commissioners. Generally, it was felt 
that people with transportation relevant disabilities had poor access to bus 
services. Most terminals and buses have stairs and/or steps but no ramps, 
and there is usually no room for motorized wheelchairs on buses. It was 
suggested that funding from all levels of government was required to ensure 
that accessible intercity buses were provided. Persons with disabilities 
consider this a basic social requirement.® 


P1210 


Remote communities recommended that, where no other public transport 
is available, local and rural bus routes should be retained even through sub- 
sidies. Buses should be used to connect smaller centres with the main rail 
routes and to provide services to special or remote communities not served 
by rail. 


3. INHERENT CHARACTERISTICS OF BUSES 


With its high capacity and flexibility, the bus is the most economical public 
mode of transportation. This is the case if one considers only carrier costs, 
and it is also true if total costs including full charges for the provision of 
roads, an allowance for pollution and congestion charges are considered. 
Some bus capabilities are not present in modes other than the car, and 
some are quite different from those of any other mode. 


Bus operations are very flexible. Any point served by road (even those to 
which the road is no more than a dirt track) is accessible by bus. Where 
other modes take at least a few minutes to pick up passengers, a bus can 
stop and regain cruising speed with little delay. There is almost infinite 
flexibility in scheduling and adjusting points and times of departure and 
arrival. Buses can be readily bought, sold and rented. They can be used in 
scheduled intercity service or as school buses and then chartered during 
otherwise idle periods. They can be maintained by their owner in a special 
garage or at the local service station. 


An extremely broad range of management and ownership options is possible 
for a rural or intercity bus operation. An individual, even on a part-time basis, 
can operate a minivan in scheduled or other service — perhaps as an adjunct 
to a general store. There are such operators, and there are obvious market 
niches for them. Equally, there could be a role for the continental carrier. 


Although lacking the service life of a rail car or (with maintenance) an air- 
craft, buses are far cheaper than other passenger vehicles, with the possible 
exception of the car. Seating density is typically high. As an illustration, for — 
the price of one 37-seat de Havilland Dash 8 ($10 million), or for a substan- 
tially lower cost than one train, one could acquire 38 highway coaches with 
47 seats each for a capacity of almost 1,800 passengers. 
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Buses have the lowest operating costs per passenger-kilometre of all the 
transportation modes. A single driver suffices, and fuel consumption is 
low. The roads are available on demand for a modest user-fee (fuel tax and 
licence fee). Consistent with the simplicity of bus operations, overheads are 
relatively modest. Moreover, on average, intercity buses pay their way in 
respect to road costs. 


Its modest size and cost, and the capability of a bus to stop frequently and 
on demand, allows it to offer greater frequency of service on short trips and 
on trips between low-demand origin-destination pairs. The bus mode can 
also economically provide substantial reserves of capacity on demand. The 
ratio of peak capacity to average loads is greater for bus than for the other 
public modes. Bus system capacity can be readily rearranged across routes 
and types of services. At the seasonal peaks for shorter distance travel, bus 
continues to deliver long after air and rail are saturated. This is because the 
cost of intercity coaches is modest relative to aircraft and rail cars; operators 
can afford to own or rent the capacity to provide this peak service. 


The potential performance of the bus is limited by the road. It must share 
this common-use infrastructure with trucks and cars, and operate at speeds 
compatible with the presence of these other vehicles. 


Buses in normal service usually score relatively low in comfort (particularly © 
space and ventilation) and in amenities provided, including the poor condi- 
tion of some bus terminals. Higher-class bus services with spacious seats, 
refreshment service and other amenities are operated and, although there 
has been some success when the fares are slightly more than for conven- 
tional service, premium or luxury bus services have often failed to attract 
sufficient riders to be viable. 


Under almost all circumstances, the bus is environmentally less polluting 
than the other passenger modes. Fuel consumption, and thus carbon 
dioxide emissions, are low. Smog inducing emissions are high relative to 
bus fuel consumption; however, lower-emission diesel engines would seem 
to lack only an incentive (that is, regulation) for their introduction. Buses are 
noisier than cars but not more so than the trucks with which they usually 
share the roads. 
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4. CANADA'S SCHEDULED Bus INDUSTRY - 


This section provides a description of the scheduled bus industry in Canada, 
as of 1990. An overview of the industry in Canada is followed by a summary 
of the regulatory environment in each province. The third subsection describes 
the structure of the industry and the service being provided. Organized by 
province as well, it begins in the West with the largest carrier in Canada, 
Greyhound Lines of Canada. This company serves more than half of the 
country and can be expected to play an important role in Canadian inter- 
city bus transportation, regardless of any changes to the regulatory or 
competitive environment. 


The treatment in this section, particularly with respect to the various provin- 
cial regulatory regimes (section 4.2) and the intercity scheduled bus carriers 
and their operations (section 4.3), is intended to be reasonably thorough. 
Thus, it is lengthy. The reader may prefer to scan this material. 


4.1 THE INTERCITY SCHEDULED INDUSTRY 


Operations 


While the private car is by far the most used form of personal transporta- 
tion, for individuals requiring public transportation services, the intercity 
bus is an important alternative which, until 1983, accounted for more than 
50 percent of total travel (in number of trips) by public modes. Although this 
share declined steadily, bus was not surpassed until 1988 when air travel 
became the primary public mode of travel. Nonetheless, the bus mode 
remains an important, although declining, factor in passenger transportation. 
(In 1988, intercity bus carried 18.2 million passengers.) 


Total employees in the bus industry fell steadily from 5,612 in 1980 to 4,700 
in 1987. This represents an annual average rate of decline of 2.5 percent. The 
number of drivers, who comprise the largest portion of the bus work force 
(about 50 percent) have declined at a somewhat higher rate of 3.3 percent 
per year. Also, over this period the number of buses declined from 1,700 to 
1,350 while the number of miles each bus averaged rose by 7.4 percent. 


Intercity busing services are provided across Canada essentially by a 


network of provincially based carriers that interline at or near their juris- 
dictional frontiers. Only Greyhound Lines of Canada provides significant 
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multiprovincia! service (from British Columbia to Ontario). Most carriers 
provide only intra-provincial intercity bus service. According to the Official 
Canadian Bus Guide,’ the intercity bus industry currently provides service 
to approximately 3,000 points in the 10 provinces and the two territories 
(down from 3,400 in 1978). Ontario has the greatest number of points (763). 
Saskatchewan has the second largest number, with 524 points served. 


Finances 


From 1980 to 1987, bus company revenues rose 3.5 percent a year while 
expenses rose 3.16 percent annually. An annual return of 9 to 16 percent 
was usual. Aggregate data on the financial performance of scheduled service 
carriers, as opposed to school bus and predominantly charter service opera- 
tors, are not available. In the years 1990 and 1991, however, results for 
major carriers appear substantially below returns of the mid-1980s. 


In the more populous regions of Canada, most of the small scheduled carriers, 
and a significant number of the midsize carriers, achieve most of their — 
revenues from the charter business, and to a lesser extent from school bus - 
contracts. The larger carriers virtually all operate in the charter industry, 

but it is not their primary business. For Greyhound and Voyageur Colonial, 
charter service is a profitable use of idle bus capacity. In this regard, an 
efficient scheduled carrier has an advantage in the charter market. 


Industry Concentration 


The actual number of scheduled intercity bus carriers is difficult to determine 
since statistical sources do not agree. The number is between 25 and 45. 
While Statistics Canada’s reporting does not cover all carriers, its reports 

do represent the vast majority of scheduled revenues generated. 


The industry is highly concentrated and is dominated by Greyhound Bus Lines, 
the intercity passenger arm of Greyhound Lines of Canada Ltd. Although 
majority ownership is in the hands of a U.S. holding company (not related 
to Greyhound U.S.), Greyhound of Canada is a publicly held corporation 
whose shares are traded on the Toronto Stock Exchange. This company pro- 
vides intercity passenger service from British Columbia through all provinces 
east to Ontario. In this respect it is the only intercity bus company that may 
be considered “national” in scope. Its importance may be gauged from the 
fact that, in 1988, Greyhound Lines of Canada earned $132.9 million from 
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scheduled, charter and courier express operations — 40 percent of the 
total industry revenues of $332.9 million reported by Statistics Canada for 


that year. 


By 1987, the five largest carriers held nearly 90% of the value of the assets 
in the industry, earned 84% of the revenues and carried 81% of the passen- 
gers, up from 66% in 1980. Employee wages averaged $35,000 per annum 
at the five largest carriers. This was 27% higher than the next largest group 
of carriers. Since 1985 only the largest and very smallest firms have had 


positive rates of returns. 


Regionalization 


The industry is highly regionalized, all provinces having at least one major 
carrier with some, such as Ontario and (more recently) Quebec, having 

a number of regional carriers. Table 1 illustrates the provincial focus of 
activity of the major intercity bus operations. 


Table 1 
Mavor CARRIERS AND Provinces SERVED 


Greyhound Bus Lines 


Saskatchewan Transportation Company 


Grey Goose Lines 

Canada Coach Lines Limited 
Gray Coach Lines, Limited 
Ontario Northland 

Voyageur Colonial Limited 
Autobus Auger Inc. 

Autocars Orléans Express, Inc. 


SMT (Eastern) Ltd. 


Acadian Lines 
Mackenzie Bus Line Ltd. 
Roadcruiser 


Principal province(s) served 


British Columbia 
Alberta 
Saskatchewan 
Manitoba 
Ontario 


Saskatchewan 
Manitoba (Ontario) 
Ontario 

Ontario 

Ontario 

Ontario (Quebec) 
Quebec 

Quebec 


New Brunswick 
Prince Edward Island 


Nova Scotia 
Nova Scotia 
Newfoundland 


_ The geographic dominance of each of these carriers varies from province to 
province. Greyhound is pervasive in the West, particularly in Alberta (where, 
with the exception of Calgary-Red Deer-Edmonton and Edmonton-Fort 
McMurray routes where it competes with Red Arrow, it provides virtually all 
non-urban services) and British Columbia. However, the locally based “flag” 
carriers in Saskatchewan and Manitoba control about two thirds of the routes 
in their respective provinces. Ontario and Quebec are more regionalized. 
While most of these carriers are identified with one province or provincial 
region, they often offer some service in neighbouring provinces, and their 
charter operations may extend over much wider areas. The carriers inter- 
line at convenient points to provide a more or.less continuous network of 
intercity services across the country. 


Summary 


There has been a steady decline in demand for the Canadian intercity bus 
since the 1950s, both in terms of total ridership and in terms of its share of 
the growing intercity travel market. In this context, and given the existing 
regulatory situation, there was only one way for a carrier to expand its oper- 
ations — by taking over the route authority of another carrier. The result 
was greater concentration of the industry through mergers and takeovers. 

To a degree attributable to provincial regulation, however, this concentration 
tended to become regionalized, in contrast to the situation in the United 
States which saw the emergence of two national carriers (now merged). 


With the partial exception of Greyhound Lines in western and central 
Canada, each province saw the rise of one (or perhaps two) large carriers 
from among a number of smaller operators. Ontario has been an exception 
to this rule with six larger intercity carriers, but each generally has its exclu- 
sive territory. It is noteworthy also that since 1977 Ontario has permitted a 
second service and thus some competition on certain routes. 


The industry has remained viable in the face of declining ridership and 
increasing costs by cutting back service (route-kilometres) and raising fares. 
This was accomplished, however, at the penalty of increased unit operating 
costs (since route-kilometres fell at a slower rate than passengers). Further- 
more, fixed costs were spread over a reduced output, making unit costs dif- 
ficult to control. Finally, in some cases unionized labour may have succeeded 
in pushing the wage bill higher as prices went up. 
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4.2 REGULATORY ENVIRONMENT 


Provincial Jurisdiction 


Each province has jurisdiction over intra-provincial bus operations, sched- 
uled and charter, and each has its own legislation in place to provide for their 
regulation. Operations of extra-provincial bus carriers — any carrier whose 
operations extend beyond the boundaries of a single province, including 
their operations within a province — are under federal jurisdiction. Effectively, 
any operator that wishes to so arrange its affairs may qualify as a carrier 
under federal jurisdiction. The Motor Vehicle Transport Act, 1987 (MVTA, 
1987), which replaced the previous MVTA of 1954, is the relevant federal legis- 
lation.? (The 1987 Act is, for bus, substantially unchanged from the 1954 Act.) 


Part I, sections 5 and 6 of the 1987 MVTA delegates authority to provincial 
transport boards to issue licences and regulate tariffs and tolls for extra- 
provincial bus undertakings “on the like terms and conditions and in 

the like manner as if the extra-provincial bus undertaking were a local 
bus undertaking.” 


The MVTA, 1987 introduced changes with respect to trucking, most notably 
a “reverse onus” provision which requires an objector to a licence applica- 
tion to “establish to the satisfaction of the board that the operation... would 
likely be detrimental to the public interest,” removing the onus of proof 
from the applicant. This change did not extend, however, to the passenger 
sector; no real changes were made with regard to busing. 


Interprovincial carriers have through fares which involve transportation in 
more than one province. As well, interline agreements exist among virtually 
all scheduled bus lines, allowing carriers to set and quote interline fares 
between almost any two points. Each province has regulatory authority 
over the portions of these fares which represent movement over the route 
segment within its boundaries. 


Federal Jurisdiction 


The legislation provides for the federal government to exempt a bus under- 
taking from the MVTA, which brings it under the provisions of part IV of 
the National Transportation Act and under the jurisdiction of the National 
Transportation Agency. This provision has been invoked only once. 
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Canadian National Railways (CN) was authorized by the Canadian Transport 
Commission (predecessor to the National Transportation Agency) in 1968 to 
substitute buses for its rail passenger service. The bus service, CN Roadcruiser, - 
applied to the Board of Commissioners of Public Utilities of Newfoundland 
(PUB) for operating authority under the federal MVTA, but the Commission 
determined that the operating authority should be under Newfoundiand’s 
Motor Carrier Act, and this was granted. 


Following disallowance of a tariff in 1971, a series of court appeals culmi- 
nated in a 1975 Supreme Court decision that the service was a part of the 
total Canadian passenger service operated by CN and therefore should be 
regulated under the federal legislation. 


As powers under the federal legislation are delegated to the provinces, 
Roadcruiser applied to the PUB for a certificate of authority and approval of 
its tariff. After public hearings, the PUB issued the certificate, but Roadcruiser 
appealed tariff restrictions which accompanied it. During the appeal pro- 
cess, relations between Roadcruiser and the PUB deteriorated to the point 
where buses were ordered off the highways and service halted. At this point 
the Government of Canada issued an Order in Council exempting the ser- 
vice from the provisions of the MVTA. The Canadian Transport Commission 
gave Roadcruiser its operating authority and approval of its tariff in 1977. 


British Columbia 


Bus transportation is regulated by the British Columbia Motor Carrier 
Commission under the Motor Carrier Act. Regulations cover entry, exit 
and fares. 


The Motor Carrier Act specifies that the duties of the Commission are to regu- 
late motor carriers for the purposes of “promoting adequate and efficient 
service and reasonable and just charges . .. promoting safety on the public 
highways, and fostering sound economic condi eney in the ransp eae 
business in the Province.” 


Operation of a scheduled service requires a public passenger vehicle licence. 
Charter service can be operated from the same points as the scheduled ser- 
vice or under a limited passenger vehicle licence. An applicant for a licence 
must make a case for public convenience and necessity. 
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In its July 18, 1991 project report to the Royal Commission, /ntercity 
Passenger Bus Regulation in Canada,? Peat Marwick Stevenson & Kellogg 
made the following observation: 


In practice ... conditions are much more rigorously applied... for 
regular route service than for... charter service. ... The attitude of 
the Commission appears to be that the province is well served in 
regular route service by the existing carriers, notably Greyhound, 
and that the market is too thin.to support competition on existing 
routes. (p. 21) | 


Any change in service, including discontinuance, also requires approval 
of the Commission, and rates must be filed with and approved by the 
Commission. 


Alberta 


Alberta’s Highway Traffic Act provides for the regulation of motor transport 
by the Alberta Motor Transport Board, and its framework and authority are 
set out in the Motor Transport Act. A certificate to operate a charter service 
requires only proof of sufficient insurance and bus safety. Authority to oper- 
ate a scheduled service, however, requires that a case be made of public 
convenience and necessity, and objection by an interested party will result 
in a public hearing. 


Generally, there is no competition on routes in Alberta. There are, however, 
important routes with more than one carrier, but in these instances (Calgary- 
Edmonton-—-Fort McMurray) the second entrant made a satisfactory case 
that its proposed service was distinctive. (See subsection 4.3.) 


Tariffs must be filed with the Board with 30 days notice and can be approved, 
varied or rejected. A hearing is not required but can be held. Maximum 
fares per mile are approved for a carrier on a system-wide basis, and fares 
below this level do not require approval. | 


Schedule changes, including discontinuance, requires 30 days public notice, | 
14 days advance notice to the Board and the Board's approval. 


ra 


Saskatchewan 


The Saskatchewan Highway Traffic Board regulates bus operations in 
the province under the authority of the Highway Traffic Act. An operating 
authority certificate is required from the Board to operate either a charter 
or a scheduled service. The Board is required to consider an application 
according to the fitness of the applicant, and whether, in the words of 
section 4(2) of the Act, the “public business will be promoted by the 
proposed undertaking.” Peat Marwick observed: 


In practice, these conditions are interpreted in a manner which places 
the burden on the applicant to show the need for the proposed service 
and to demonstrate his fitness to provide it. It is also relatively easy 
for an opponent to show damage to an existing service — particularly 
in a rural province like Saskatchewan. In practice, the procedure 
amounts to a test of public convenience and necessity.’ (p. 22) 


The province experimented with easier entry for charter operators, similar 
to the Alberta system, but after six months reinstated the regulations, 
reportedly because of a large number of frivolous applications. 


Approval is required for schedule changes, and proposals to reduce or 
discontinue a service require a public hearing. 


Regulation of fares is similar to that in Alberta, with approval of a standard 
maximum rate per mile, after consideration of applications of the carriers 
and their costs. There was no increase for four and a half years between 
1983 and 1988, necessitating an increase in 1988 of 32 percent. Public reac- 
tion has prompted the Board to recommend automatic annual increases, 
beginning in 1991, based on a bus inflation model designed by the Board. 


Manitoba 


The Motor Transport Board is empowered under The Highway Traffic Act 
to regulate bus transportation in Manitoba. A certificate from the Board 

is required to operate a “public service vehicle for passengers,” whether 

in scheduled or charter service. An applicant must satisfy the Board that, in 
the words of section 290(2) of the Act, “the existing facilities for transporta- 
tion are insufficient, or that public convenience will be promoted by... the 
proposed transportation service.” If there is objection to the application, a 
public hearing is held. 
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Changes in schedule require the approval of the Board, and application to 
discontinue service on a route usually results in the Board requiring the car- 
rier first to reduce service for a trial period. 


Fare levels are set somewhat as they are in Saskatchewan, with the Board 
approving a province-wide maximum rate per mile for scheduled and char- 
ter services, but with occasional exceptions permitted where conditions 
warrant. Increases are approved annually, based on financial and operating 
data provided by the carriers, and the provision in the Public Utilities Board 
Act for a rate of return. The process takes 60 to 90 days and includes public 
notice and hearings. 


Ontario 


There are two bodies in Ontario involved in the regulation of the bus industry. 
The Ministry of Transportation of Ontario (MTO) issues, cancels or suspends 
operating licences, and approves licence amendments and fares. The Ontario 
Highway Transport Board (OHTB) has responsibility to investigate applica- 
tions and issue certificates or recommendations to MTO. The governing 
legislation is the Public Vehicles Act. 


An application for authority to operate a bus service is made to MTO, and it 
is referred to the OHTB which holds a public hearing. If the OHTB is satisfied 
that the “public convenience and necessity” warrants the licence, it will 
issue a certificate with whatever terms and conditions it deems appropriate. 
Upon submission of the certificate, the Minister (MTO) may, or may not, 
issue a licence. Before operation begins, the applicant must file a tariff of 
fares with the MTO, and have it approved as “fair and reasonable.” Opera- 
tions are restricted to the points and the route or routes specified in the 
licence, and renewal is subject only to renewal of vehicle licence. 


There are a number of bus carriers licensed to operate charter and tour ser- 
vice without providing scheduled service. A licence to operate a scheduled 
service, however, also entitles the carrier to operate charter service from 
any point on the route. A separate licence is not required. 


A carrier is required to give notice to the MTO if it intends to discontinue a 
scheduled service. Permission usually is not denied where the licensee can 
show it incurs unreasonable losses; but the carrier automatically would give 
up at the same time the contingent rights to operate charter and tour services. 
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A licensee can apply to MTO to transfer a licence to another carrier; the 
transfer may or may not be allowed after a public hearing is conducted 
by the OHTB. 


Only fares contained in tariffs filed with and approved by MTO can be charged 
for bus transportation in Ontario. Increases are automatically approved in 
the Carrier Licensing Office, where they are filed, if they are within “guide- 
lines” (currently not more than 10 percent per year); a fare increase beyond 
these guidelines, or any decrease, requires justification and approval by the 
deputy minister. 


A number of individuals interviewed, in the bus industry and elsewhere, 
alleged that Ontario did not strictly enforce compliance with the regulations 
pertaining to bus transportation. The two major areas of non-compliance 
appear to be changes in fares which are not filed with MTO (only fare reduc- 
tion was noted) and route abandonments without notification to MTO. 
Initiation of charter and scheduled services without regulatory approval 

was also alleged. 


Quebec 


Regulation of bus transportation in Quebec is provided for by the Lo/ sur 
les transports (Transport Act), and is the responsibility of the Commission 
des transports du Québec (CTQ). 


An applicant for authority to operate a bus service, either scheduled or 
chartered, must prove the company has the technical and financial ability 

to provide the service, as well as the inability of the existing carrier to do so. 
The regulations protect the monopoly positions of carriers on their present 
routes by making it virtually impossible for a competitor to enter the market. 


The only practical way for a carrier to acquire operating rights is by transfer, 
as was done recently with almost all of Voyageur’s Quebec operations. Of 
course such transfers require approval of the CTO. 


Approval is required to discontinue service, and is granted only after it has 
been proven that the service is losing money. Such applications are rare, 
however, given the potential risk of another carrier acquiring operating 
authority in the area. 


Mm 


There are eight different categories of operating authorities, two of which 
are for scheduled intercity service and for charter service. In addition, a 
holder of an intercity authority may operate charter service from within 

100 miles of any point the holder is authorized to serve. This results in 
competition between scheduled and charter operators, as well as between 
scheduled carriers with contiguous routes, for short-distance charter business. 


. There have been attempts to relax the regulations in recent years but with 
no permanent results. (An attempt in 1985 apparently was successfully 
opposed by Voyageur Inc.'°) Recently, a Ministére des transports special 
committee was appointed to study the system. 


Carriers are required to get advance approval for their tariffs for scheduled 
services from the CTQ, which will hold public hearings if, after public notice, 
the application is deemed controversial; otherwise, the regulator will inter- 
vene only if the fares are unjustified. In the great majority of such interven- 
tions, however, the carriers have been able to satisfy the CTO that their 
costs had increased sufficiently to justify the fare increases. | 


New Brunswick 


Bus service in New Brunswick is regulated by the Motor Carrier Board (MCB). 
The Motor Carrier Act, 1985, which came into effect January 1, 1988, includes 
a “reverse onus” provision for bus licence applications. If a carrier applies 
to operate a scheduled or charter service, section 4(4) of the Act provides 
that any objection will be dismissed if it “does not establish a prima facie 
case that the granting of the application would likely be detrimental to the 
interests of the users of public transportation services, to provincial eco- 
nomic or social development, or to intraprovincial, interprovincial or 
international commerce.” 


Discontinuance of a service requires a public hearing and an order of the 
MCB. A carrier cannot “sell, lease, transfer, delegate or assign its motor 
Carrier business or its licence or any right thereunder... or enter into a 
consolidation or merger” without approval. 


Tariffs of fares for scheduled service require approval of the MCB after a 
public hearing; charter rates must only be filed with the MCB. 
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Prince Edward Island 


Prince Edward Island has a regulatory environment for bus carriers similar 
to New Brunswick. Its Motor Carrier Act, 1988, also contains a “reverse 
onus” provision. 


An objection against an application to the Public Utilities Commission for 
authority to operate a bus service must be made within 30 days, and the 
Onus Is On the objector to provide evidence that granting the authority 
“would be likely to be detrimental to the public interest.” 


There appears, however, to be a difference once a hearing is called. The 
Commission must then consider, in addition to “detrimental effect,” whether 
there is “a likelihood that the proposed motor bus service will be conducive 
to public convenience.” There has not been a case heard under this legisla- 
tion, so the Commission Chairman was not able to speculate as to how it 
might be interpreted, except to suggest that a decision probably would 

be based on the balance of evidence, rather than there being an onus on 
one party. 


Authority is not required to operate a service with vehicles of 16 seats or less. 


An order of the Commission, after a public hearing, is required for a service 
to be discontinued or abandoned, but no transfer of an operating authority 
is permitted. 


Fares must be filed with and approved by the Commission; applications for 
increases are approved if found to be “economically reasonable and viable.” 


Nova Scotia 


The Board of Commissioners of Public Utilities regulates the bus industry in 
Nova Scotia under authority of the Motor Carrier Act. Market entry and exit 
and fare levels are strictly controlled. 


Authority of the Commission is required to operate a scheduled or charter 
bus service, to discontinue or abandon service, to sell, transfer, assign or 
lease an operating authority or to increase fares. None of these authorities 
is granted without a public hearing. 
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In considering whether to grant a licence to operate a bus service, the 
Commission, according to the Act, may consider among other things, the 
objection of any person already providing transportation on the same route 
by any mode, on grounds that existing service is adequate or, if the licence 
is granted, will be in excess of requirements. 


Newfoundland 


As described earlier, the major intercity bus carrier is regulated by the 
federal government (National Transportation Agency). As well, there are 
several smaller carriers operating under provincial legislation. 


The Newfoundland Motor Carrier Act requires the operator of any bus ser- 
vice, scheduled or charter, to apply to the Board of Commissioners of Public 
Utilities of Newfoundland (PUB) for a certificate of public convenience and 
necessity. The Act sets out what the PUB may consider in its determination 
of whether to grant a certificate, and the wording is almost identical to 

that contained in the Nova Scotia legislation. 


PUB approval is required to discontinue a service, or to sell, transfer, assign 
or lease an operating authority. 


Fares must be approved by the PUB, but changes to the legislation in 1987 
stipulate only that fares not exceed an approved level. Thus, reductions — 
permanent or temporary — can be made without application to the Board. 


Summary 


Responsibility for extraprovincial carriers is delegated, under the MVTA, to 
the provinces. The sole exception is CN Roadcruiser, the major carrier in 
Newfoundland. Eight of the provinces will grant authority to operate a sched- 
uled intercity bus service only if the applicant proves public convenience and 
necessity; a public hearing is held if there is any objection. New Brunswick 
and Prince Edward Island removed this requirement in 1987 and now have 
a “reverse onus” test: an application is denied only if it is proven it would 
be detrimental to the public interest. In every province, changes to or 
discontinuance of a service requires approval. 


Fares must be filed with the regulatory authority in every province, and 


require approval in all but Quebec, where the CTO intervenes only if the fares 
are “unjustified.” In Alberta, Saskatchewan, Manitoba and Newfoundland, 
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only maximum fare levels are approved. In Ontario, public hearings are 
required before fare increases can be approved. , 


Charter services require separate licences in seven provinces. In British 
Columbia, Ontario and Quebec, a licence may authorize operation of a 
charter service only or authorize both scheduled and charter services. The 
“reverse onus” test applies in Alberta for charter service, as is the case in 
New Brunswick and Prince Edward Island. 


4.3 CARRIERS OVERVIEW 


This section describes the general structure of the industry and the service 
being provided. Major scheduled carriers and those of intermediate and 
smaller size whose services are advertised nationally are all included. 
Carriers operating only charter services are not included. A sample of the 
operations of smaller carriers is given to provide a flavour of local services; 
some small bus operations are not known beyond their local market. 


A phenomenon which persists in many parts of the country is the smaller 
bus company which is essentially a charter (and tour) operator, but which 
also operates one or more small local scheduled services. This is a result 
of the requirement in most provinces to prove public convenience and 
necessity in order to acquire authority to operate any bus service. It is most 
often the charter and tour market which attracts an enterprise to seek such 
authorities. In a number of provinces, a licence to operate a scheduled ser- 
vice brings with it the right to operate charter services in the same county 
or region. (Normally, the charter service licence allows operation from the 
county or region, to anywhere in Canada and into the U.S.) It is easier to 
prove a need for a scheduled service on a route where there is none and 
where there is insufficient traffic to attract the large intercity carriers, than 
to prove that public convenience and necessity will be served with another 
charter bus operator. As a result, in such jurisdictions, a number of these — 
small local services prevail. The extent of this phenomenon is a function of 
the size of the perceived charter market in the region, not the market or 
need for the scheduled service, nor its potential profitability. 


British Columbia and Yukon 


Greyhound Lines of Canada dominates the intercity bus mode in British 
Columbia, Yukon and Alberta, and operates the only really interprovincial 
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route in the country, from the west coast to southern Ontario along the 
Trans-Canada Highway system. Canada’s largest carrier is the exception in 
an industry that is predominantly controlled by Canadian interests. Greyhound 
Lines of Canada Ltd., a public company, is 31 percent owned by ape en 
and 69 percent by a United States holding company. 


In British Columbia, Greyhound operates an extensive network of routes: 


* east to Alberta, from Vancouver via the Trans-Canada and Coquihalla 
highway to Calgary, via the southern route through Princeton, Castlegar 
and Cranbrook to Fort Macleod, and from Prince Rupert via the 
Yellowhead to Edmonton; Lone) 


¢ north-south routes through the Okanagan Valley, through the Kootenays 
between Cranbrook and Banff, the South Yellowhead north from Kamloops, 
and the Cariboo route between Cache Creek and Prince George; 


¢ north on the Peace River highway to Dawson Creek, and on the Alaska 
Highway to Whitehorse in Yukon. 


The Official Canadian Bus Guide"! shows 13 other bus lines operating in 
British Columbia and one in Yukon. They are generally contiguous to 
Greyhound, rather than parallel, and serve as extensions, complements 
or feeders to its network, not competitors. 


There are four lines serving Vancouver Island. The major service is provided 
by Vancouver Island Coach Lines (VICL). Orient Stage Lines operates a ser- 
vice from its connection with VICL at Port Alberni to Tofino on the west 
coast of the Island. Connections from Vancouver to the Island are provided 
by Pacific Coach Lines to Victoria, and Maverick Coach Lines to Nanaimo. | 


Maverick also provides services over two routes north from Vancouver to 
Powell River and Mount Currie. Cascade Charter Service Ltd. provides 
services out of Vancouver, operating along both sides of the Fraser Valley 
to Mission and Harrison Hot Springs. 


The two major U.S. carriers, Greyhound Lines, Inc. and Trailways (Northwest), 
provide competing services between Seattle and Vancouver. Greyhound has 
six departures per day in each direction, Trailways two. Both of Trailways’ 
departures appear to be scheduled to compete with Greyhound. (Since the 
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purchase of Trailways by Greyhound in 1988, such competition is probably 
only academic.) Service between British Columbia and the State of Washington 
is also provided by Empire Lines Inc., Creston to Spokane, and Osoyoos to 
Spokane and Yakima. 


Dewdney Trails is a charter and tour operator in Trail, and serves as an agent 
for Greyhound. It operates a regular service three times a day between Trail 
and Castlegar. This is a 30-minute trip, scheduled to provide connections | 
with every bus on Greyhound’s interprovincial service through Castlegar. 


There are a number of similar connections, in northern areas of the prov- 
ince, which also extend Greyhound’s routes into more remote areas. Vista 
Bus Service of Tumbler Ridge, a charter operator and Greyhound agent, has 
a scheduled service to meet the Edmonton buses at Dawson Creek. Another 
charter and tour operator, and Greyhound agent, Seaport Limousine Ltd. of 
Stewart, meets the buses to and from Prince Rupert at Terrace. Connecting 
with the same Greyhound route, as well as the Stewart bus, is Farwest Bus 
Lines of Kitimat. Both companies also serve the Terrace airport. 


Beyond Greyhound’s route to Whitehorse in Yukon, a tri-weekly service is 
provided to Dawson City by Norline Coaches. Gray Line of Alaska provides 
a summer service from Anchorage to Whitehorse, connecting with Greyhound. 
Peace Coach Lines (a charter line, also operating as Diamond Dee Tours) 
provides service between Chetwynd and Fort St. John, via Hudson Hope. 
One of the smaller carriers, Atlin Coach Lines, is authorized to operate a 
vehicle with between 6 and 11 seats between Whitehorse and Atlin. 


Not all of these small remote schedules provide direct connections with 
Greyhound’s buses, and not all of the carriers serve as Greyhound agents. 
There is, nevertheless, an informal network of these feeder bus lines main- 
taining service to a number of remote and thinly populated locations. Since 
they are virtually all charter and tour operators first, it is reasonable to 
speculate that these operations subsidize the scheduled services, with 
some help from Greyhound commission revenues. 


Alberta and Northwest Territories 


As in British Columbia, Greyhound is the dominant carrier in Alberta. It 
provides service between the British Columbia and Saskatchewan borders 
along the Trans-Canada Highway and on the southern route through 
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Lethbridge. It serves the main north-south artery between Lethbridge, 
Calgary, Edmonton and Fort McMurray, together with a number of contiguous 
routes to the east and west. From Edmonton it serves the northern areas of 
Cold Lake, Slave Lake and Peace River, extending as far north as Hay River 
in the Northwest Territories. 


It is in the latter northern extremes of Greyhound’s Alberta and Northwest 
Territories network where the feeder carriers operate. LaCrete Bus Lines of 
LaCrete, operates a bus which connects at High River with the Greyhound 
service between Peace River and Hay River. Arctic Frontier Carriers Ltd., of 
Yellowknife, operates charter and school buses as well as a local scheduled 
service to Rae, and a tri-weekly service to Hay River. At Hay River, it connects 
with Greyhound, and with a similar carrier, North of 60 Bus Lines, from 
Fort Smith. 


Greyhound has some competition in Alberta from Red Arrow Deluxe Service 
of Edmonton.'* Red Arrow made a case before the Motor Transport Board 
in Alberta that there was a distinct unserved market for a “deluxe” express 
bus service between Edmonton and Calgary, and between Edmonton and 
Fort McMurray, using downtown hotels as terminals. It is the equivalent of 
the air industry’s “business class,” and the fare is $4 per round trip higher 
than Greyhound’s. When Red Arrow’s route authorities were originally 
obtained, local service was required; this was later abandoned. 


A recent report'? made available by Transport Canada, described a new 
carrier, Big Rock Bus Lines of Okotoks, which was granted permission 
almost two years ago to provide service into Calgary from Okotoks, High 
River and Turner Valley. This is a commuter service with buses operating 
into Calgary in the morning and back out in the late afternoon. These routes 
are inside a 40 mile radius of Calgary. Okotoks and High River are also 
served by Greyhound’s Calgary—Lethbridge local service, which may well 
share some of this commuter business. The one-way fare between Okotoks 
City and Calgary is $4.05 on Big Rock, compared to Greyhound’s $3.65. 
According to Greyhound, its Okotoks fare has not been adjusted since the 
Big Rock service began, except as the result of province-wide rate increases. 


Saskatchewan 


Greyhound operates across Saskatchewan on the Trans-Canada Highway 
from Alberta through Maple Creek, Swift Current, Moose Jaw, Regina, and 
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Moosomin into Manitoba. It also operates the more northerly route from 
Alberta through both Lloydminster and Wainwright to North Battleford. This 
route continues east through Saskatoon, Lanigan and Yorkton, into Manitoba 
through both Roblin and Russell. ; 


The only “local” service provided by Greyhound in Saskatchewan is a 
Regina-to-Winnipeg route through Reston, Manitoba. This serves a local 
market, probably at a financial loss, but provides a feed from the region to 
Greyhound’s Trans-Canada service, which might make it a viable operation 
overall. There probably are other local Greyhound services in Alberta and 
British Columbia in this category. 


While Greyhound provides the “main road” interprovincial service through 
Saskatchewan, most of the intra-provincial route network belongs to 
Saskatchewan Transportation Company (STC), a provincial Crown corp- 
oration. On most of Greyhound’s routes, there is no STC service, but there 
is on some (Regina to Moose Jaw, and Saskatoon to North Battleford and 
Marsden are examples). Greyhound also “pools” with STC between 
Saskatoon and Alsask. On such routes there is potential for competition 
between the two. Fares have to be approved by the provincial authorities, 
however, and no price differentials exist. Any competition must, therefore, 
be based on service and schedules. 


There are a few small operators in Saskatchewan such as: 


¢ Leader Carriers Ltd., which operates between Swift Current and Leader; 

- Western Trailways Motor Coach Lines Ltd.,'* between Saskatoon and Eston; 
¢ Moose Mountain Lines Ltd., between Regina and Rocanville; 

¢ Frances Enterprises Ltd., between Regina and Maryfield; and 

¢ Hertz Bus Lines, between Regina and Bengough. 

In Saskatchewan, the right to operate a scheduled line service does not bring 
with it any right to operate charter or tour services. They must be applied 
for separately. There is not the incentive, therefore, that exists in other 
provinces for a charter operator to subsidize a scheduled service. There are 


bus Carriers operating both services in Saskatchewan, but they are apparently 
not cross subsidizing. 
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Two provincial government programs ensure service to communities with- 
out sufficient traffic potential to make scheduled bus operations commercially 
viable. These are the Rural Bus Subsidy Program and the Rural Transportation 
Assistance Program, and are in addition to the indirect subsidy resulting 
from the government’s ownership of STC. These programs and STC are 
discussed in section 11. 


Manitoba 


The situation in Manitoba is similar to that in Saskatchewan. Greyhound 
operates service through the province from Saskatchewan, on the Trans- 
Canada Highway from Regina, and on the more northerly routes from 
Saskatoon and Yorkton. There is also the “local” route between Regina and 
Winnipeg through Reston, described earlier. From Winnipeg, the Greyhound 
service into northern Ontario operates along the Trans-Canada. As well, 
there is a local service, five times a week, via the old Trans- Canada (now 
Highway 44), through Rennie and Whiteshell Provincial Park. 


Greyhound provides local service over its interprovincial routes, but most 
intra-provincial service in Manitoba is provided exclusively by Grey Goose 
Bus Lines Ltd. Grey Goose is owned by Laidlaw Inc., which in turn is part of 
Canadian Pacific. Laidlaw also owns Vancouver Island Coach Lines Ltd., which 
provides most of the service on Vancouver Island, as described earlier. 


Grey Goose serves a comprehensive network throughout Manitoba, including 
regular service to the North, as far as Flin Flon, Lynn Lake, Thompson and 
Gillam. It also provides service to and within northern Ontario. 


For the most part, Greyhound and Grey Goose do not compete. However, 
there are no restrictions on either’s rights to pick up or let off passengers 
over their routes, so they do compete where their routes overlap. This situa- 
tion exists on Greyhound’s northerly routes between the Saskatchewan 
border and Winnipeg, and along the Trans-Canada between Winnipeg 

and Portage la Prairie. They also compete technically between the cities 

of Winnipeg and Brandon, but Greyhound operates over the direct Trans- 
Canada route, and Grey Goose has only its local circuitous service using 

the highways south of the Trans-Canada. 


Similarly, both provide interprovincial service via different routes between 
Winnipeg and Thunder Bay. Greyhound follows the Trans Canada Highway 
through Kenora, while Grey Goose uses the route south of the Lake of 

the Woods, through Minnesota. Triangle Transport has recently replaced 
Greyhound Lines Inc. (of the U.S.) on the route from Fargo, North Dakota 
to Winnipeg. 


Technically there are two other intercity carriers in Manitoba, but both can 
be disregarded in the context of this paper. Beaver Lines, a charter operator, 
provides a commuter service between Winnipeg and Selkirk, with acom- _ 
muter tariff (discounted multi-voyage tickets, etc.). There are a number of 
charter bus lines in northern Manitoba, one of which, Northern Bus Lines 

of Flin Flon, has contracts to operate a few Grey Goose routes, but legally 
these are Grey Goose services. 


Northern Ontario 


In northern Ontario, Greyhound continues its service along the Trans-Canada 
Highway from Manitoba east through Thunder Bay, Sault Ste. Marie and 
Sudbury, then south to Toronto. As well, it provides service between 
Thunder Bay and Hearst, and between Sudbury and North Bay. 


Grey Goose connects Manitoba and Thunder Bay, through Minnesota, pro- 
vides services from Thunder Bay to Armstrong and over the same route as 
Greyhound to Hearst. Each carrier provides service once daily or five days a 
week to Hearst, at different times of the day, probably more complementary 
than competitive. 


The Ontario Northland Transportation Commission (ONTC) operates bus 
services, as well as the Ontario Northland Railway, on behalf of the Ontario 
government. It has a bus service between Hearst and North Bay, which also 
serves Timmins. This service connects with both Greyhound and Grey Goose 
at Hearst, at North Bay with Voyageur Colonial to Ottawa and Montreal, and 
until recently with Gray Coach Lines to Toronto. ONTC also provides service 
between Timmins and Sudbury, and between Timmins, Wawa and Sault 
Ste. Marie. The latter two communities are also part of Greyhound’s 
trans-Canada service four times a day. . 


Ontario Northland and Gray Coach had, for some time, a bus pooling agree- 
ment between Timmins and Toronto, on the routes via Sudbury and North 
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Bay. This enabled passengers to travel between Timmins and Toronto 
without a change of coach. In an important development, the provincially 
owned ONTC, that used to connect with Gray Coach to and from Toronto, 
has bought Gray’s major routes between Sudbury and Toronto and between 
North Bay and Toronto. Now it must be considered a major “trunk line” 
intercity carrier. Significantly, a Crown-owned carrier has entered a major 
intercity market in competition with an incumbent, privately owned opera- 
tion. This is inconsistent with the recent trend in Canada and elsewhere. 


In Ontario, most of the local scheduled services to remote or thinly populated 
areas not served by the larger regional carriers are provided by small bus 
operators whose primary business is charter, tour and/or school bus services. 


Two small bus lines operate in northern Ontario, according to the Official 
Canadian Bus Guide.'® Excel Coach Lines of Kenora, operates daily services 
south to Fort Frances, and north to Red Lake; A.J. Bus Lines of Elliot Lake 
operates a route to Serpent River and links the communities of Manitoulin 
Island with Espanola. 


Southern Ontario 


Two bus services join northern and southern Ontario. The final leg of 
Greyhound’s trans-Canada route operates as an express service only 
between Sudbury and Toronto. Until recently, Gray Coach Lines, Inc., of 
Toronto operated over the same route, with one express service a day, and 
another weekend express service, in direct competition with Greyhound, 
but at the same fares. '® 


Gray Coach also provided a daily local service to Sudbury, and another to 
North Bay, both of which connected with the Ontario Northland service to 
Timmins. As previously explained, Gray Coach and Ontario Northland had a 
bus pooling agreement between Toronto and Timmins, on both routes. The 
sale of Gray Coach’s rights to operate between Toronto, Barrie, Sudbury 
and North Bay was mentioned above. Also included in the sale were Gray’s 
rights to operate via Barrie to Penetang (Penetanguishene), Collingwood 
and Owen Sound, and some coaches. 


Within southern Ontario, Gray Coach operates services from Toronto to the 
Niagara Peninsula and across the border to Buffalo, New York, as well as to 
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Guelph, Kitchener and Brampton, and north to Owen Sound via Highway 10 
from Brampton and via Highway 6 from Guelph. 


Greyhound operates express service from Toronto to London and the 
Windsor—Detroit gateway, directly via Highway 401, and also local service 
via Highway 2, through Hamilton. There are as many as 14 daily departures 
in each direction between Toronto and London, including one with “V.I.P.” 
service (low-density seating, videos, and beverage and snack service) with 
a surcharge of $6 each way. As well, Greyhound operates a local service 
between London and Windsor along the lake shore via Highway 3, and a 
through service from Toronto to the Niagara Falls and Buffalo gateways. 


Ontario regulations require proof of public convenience and necessity for 
rights to be granted to operate a bus service. The phenomenon, described 
earlier, of entry to the charter market by proving the need for a scheduled 
service, is Common in Ontario, and there are a number of charter operators 
with local scheduled line services. 


Those listed in the Official Canadian Bus Guide’’ which apparently fit into 
this category are: 

* Sherwood Transportation, operating between Goderich and Stratford; 
* Cherrey Bus Lines Inc., operating between Palmerston and Stratford; 


* McCoy Coach Lines, operating between Simcoe and Nanticoke, Tillsonburg 
and Hamilton; 


* United Trails Inc., operating between Kitchener and Elmira, and between 
Guelph and Port Dover; 


* Farr’s Coach Lines Ltd., operating between Hamilton, Welland and 
Dunnville, and between Port Colborne, Welland and St. Catharines; 


* Pacific Western Transportation, operating between Toronto and 
Beaverton; and 


* McGinnis Coach Lines Inc., operating between Belleville and Picton. 
Questions to these operators elicited similar responses indicating that 


scheduled line-haul service generally provides less than 10 percent of their 
revenue. 
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There are a few bus operators in this category with more extensive net- 
works of scheduled routes. One is Penetang-Midland Coach Lines Ltd., 
which provides at least three scheduled daily departures each way between 
Toronto and Penetang, and at least two a day to and from Owen Sound. 
Can-Ar Coach Service of Concord has an even larger network of scheduled 
services. It operates northwest from Toronto to Southampton in the Bruce 
Peninsula, northeast to the Lindsay—Peterborough area and as far north as 
Haliburton, but is primarily a charter and tour operator. 


There are, however, a few carriers whose scheduled line operations are 
more significant. Canada Coach Lines Ltd. is owned and operated by the 
Hamilton Street Railway which in turn is owned by the Regional Municipality 
of Hamilton-Wentworth. It provides scheduled bus service between Hamilton 
and Toronto Airport, Niagara Falls, Buffalo, Brantford, Kitchener and Guelph, 
as well as charters and tours. The scheduled service consumes 48 percent 
of its bus miles, and provides 30 percent of its operating revenue. Chatham 
Coach Lines and its subsidiary Cha-Co Trails operate extensive services 
throughout western Ontario (Windsor, Leamington, Chatham, Sarnia, Port 
Stanley, London, Kitchener, Owen Sound, Goderich) and earn most of their 
revenue from that element of the business, although they also have charter 
and tour services. 


GO Transit is the commuter rail system operated by the Government of 
Ontario to serve the Greater Toronto area; it also operates a network of bus 
routes as an extension of the rail system. 


Adirondack Trailways (part of the U.S. Trailways system now owned by 
Greyhound) operates between Cornwall and New York State, with direct 
service to Albany and New York City. 


There is one other major carrier in Ontario, which provides the bus link to 
Quebec. Voyageur Colonial Ltd. operates express and local service in the 
Toronto—Ottawa-—Montreal triangle. It also provides service between Toronto, 
Peterborough and Pembroke, and between Ottawa and Hawkesbury, Cornwall, 
Kingston and North Bay. As well, it serves some routes between Ottawa 
and Quebec-Ottawa to Maniwaki and Grand Remous, to Mirabel Airport and 
to Montreal via the north shore of the Ottawa River. Voyageur Colonial is 
what remains of what was, until earlier this year, not only the sole scheduled 
intercity carrier in the triangle, but throughout the province of Quebec as well. 
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Quebec 


Scheduled intercity bus service in Quebec was once provided almost 
exclusively by the Provincial Transport Company. Provincial merged with 
Colonial Coach Lines, to form Voyageur Enterprises Ltd., the former parent 
of Voyageur Inc. and Voyageur Colonial (VCL), under the eventual owner- 
ship of Canada Steamships Lines (CSL). Voyageur dominated the markets 
of Quebec and eastern Ontario. The company’s traffic levels peaked in 1978, 
but since then a declining market, combined with labour and financial prob- 
lems, forced a reorganization of CSL’s bus interests late last year. As a result, 
by the end of March 1991, the structure of intercity bus transportation in 
Quebec had changed considerably. 


The rights to serve particular routes were divided and sold to three groups 
of companies. The division was made in such a way that each of the new 
enterprises got a proportionate share of “good” and “bad” routes — a built- 
in design for cross subsidization. The remaining routes, those in or into 
eastern Ontario which were described earlier, together with the Ottawa and 
Montreal bus terminals, remained with the restructured Voyageur Colonial 
Ltd. Ownership of the Montreal terminal has since reverted to VCL’s parent 
company (CSL). 


Autobus Auger Inc. of Chateauguay, south of Montreal, acquired the 
rights to provide service on the Montreal-Sherbrooke—OQuebec City route, 
and between Montreal and the far northern communities of Val d’Or, 
Chibougamou, Matagami, LaSarre, Rouyn-Noranda, and from Rouyn- 
Noranda to Kirkland Lake in Ontario, thence south to North Bay. 


Some former Voyageur managers founded Orléans Express Inc., and 
acquired the routes between Montreal and Quebec City, via Trois-Rivieres, 
between Quebec City and the Gaspé, and the routes within the Gaspé 
peninsula. The more remote routes, on the north shore of the St. Lawrence 
River from Quebec City to Baie-Comeau, Sept-iles, and the Lac-St.-Jean 
region, are being served by Jasmin-Fournier, Inc. 


Finally, because it is interprovincial, the route between Riviére-du-Loup, 
on the south shore of the St. Lawrence, and Edmundston, New Brunswick, 
could not be transferred to any of the new carriers. Eventually, special 
arrangements were made between Quebec and New Brunswick to allow 
SMT (Eastern) of New Brunswick to serve it. 
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The new order in the bus industry serving Quebec — a number of regional 
carriers rather than one major carrier throughout and beyond the province — 
was discussed with one of its principal architects, the President of Voyageur 
Colonial Ltd. It was designed to save Voyageur from increasing losses, 

and at the same time, to prevent the complete loss of a viable.intercity bus 
system in Quebec. 


The continuing failure of Voyageur Colonial to rid itself of increasing oper- 
ating losses was attributed to two main categories of problems. One was 
the steady decline in bus traffic since 1978, exacerbated in 1984 and 1985 
by significant reductions in fares by VIA Rail Canada in attempts to build 
its market share in the Quebec City-Windsor corridor. The other was the 
proliferation of labour unions at Voyageur. 


In 1980, the combined VCL and Voyageur Inc. employees were represented 
by 10 separate unions. One was an in-house organization, the others were 
affiliated with either the International Teamsters, the Canadian Brotherhood 
of Railway, Transport and General Workers (CBRT), or the Confédération des 
syndicats nationaux (CSN). This situation was largely the result of mergers 
and acquisitions. Each union negotiated independently, and any labour action 
by one union, such as work stoppage, was generally respected by the others, 
resulting in either severe impairment or a total shut-down of operations. 
Sizeable losses resulted from these interruptions, and labour costs grew con- 
siderably higher than the industry average — too high to enable profitable 
operation of the network in a period of passenger demand decline. 


The new carriers did not inherit the full extent of these burdens, but Voyageur 
still has the high wage levels if not as many unions. The 1991 rate for a bus 
driver at Voyageur is approximately 15 percent higher than at Greyhound. 
Voyageur obviously expects that its new condensed network, which includes 
several of the highest volume routes in the country, together with much 
lower overhead and significant union concessions, will allow it to attain 
financial viability. 


New Brunswick 


SMT (Eastern) operates the only province-wide scheduled intercity bus ser- 
vice in New Brunswick. It serves routes between St. Stephen, Saint John, 
Moncton, Chatham and Campbellton; Saint John, Fredericton, Bathurst and 
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Campbellton; and Moncton and Edmunadston. Its routes extend about 

five miles into Nova Scotia, to connect with Acadian Lines at Amherst Nova 
Scotia (where ongoing passengers must change coaches); and into Quebec 
about 75 miles from Edmundston to Riviere-du-Loup, the route once oper- 
ated by Voyageur (again, passengers must change at Riviere-du-Loup). It 
also operates the regular service to and within Prince Edward Island. 


SMT has recently reached agreement to operate to Bangor, Maine, with a 
connection with Greyhound Lines Inc. to Boston. 


As well, there are 10 other carriers licensed for scheduled service. Most of 
these operate rural school bus or airport minivan services. A few operate 
standard coach service, usually on short routes. One example is A & L 
Transit, operating between Chatham and Newcastle, a distance of less 
than 10 miles. 


There have been only three new licences for scheduled services under New 
Brunswick's “reverse onus” regulations, and about 10 new charter licences. . 
A number of these new charter licences have resulted from applications by 
existing charter operators whose territory was limited to as little as a single 
county, seeking authority to extend their territory to include the entire province. 


Prince Edward Island 


SMT (Eastern) of New Brunswick has the only year-round interprovincial 
bus service in Prince Edward Island, operating between Charlottetown, 
Kensington, Summerside, Borden and on the ferry service to Cape Tormentine. 


There are a number of charter operators, one of which, Trius Motor Coach 
Tours, operates some local scheduled services, which complement rather 
than compete with SMT. In addition, there is the provincial government- 
owned Island Transit, which has operated scheduled services in the summer 
only, applying for approval every year for temporary schedules and fares. 
Island Transit does not operate charter or tour services. 


Until this year, Island Transit operated a summer service from Charlottetown 
to New Glasgow, Nova Scotia, via the Wood Islands ferry to Caribou, Nova 
Scotia, making a direct connection with Acadian Lines. This summer the 
service is being operated on atrial basis by Trius, under temporary authorities 
from both provinces. . 
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Nova Scotia 


The major intercity bus carrier in Nova Scotia is Acadian Lines. It provides 
service on routes between Halifax and Yarmouth through the Annapolis 
Valley, between Halifax and Amherst, connecting with SMT (Eastern) service 
to New Brunswick, and between Halifax and Sydney on Cape Breton Island. 


A few small bus operations complement Acadian’s service. MacKenzie Bus 
Line Ltd. serves the route between Halifax and Yarmouth via Highway 103 
along the south shore, and Zinck’s Bus Co. Ltd., provides service between 
Halifax and Sherbrooke, east along the south shore on Highway 7. Al’s Cabs 
and Vans Limited operates vans and a 15-passenger minibus on the 90-mile 
route between Antigonish and Canso. Transoverland Ltd. operates a daily 
service between Cheticamp, on the Cabot Trail, and Sydney. 


Newfoundland 


Canadian National Railways (CN) operated a regular rail passenger service 
in Newfoundland from 1949, when Newfoundland became a province of 
Canada, until the Canadian Transport Commission permitted CN to abandon 
the rail passenger service and substitute a bus service. The bus operation, 
CN Roadcruiser, was introduced in December 1968 and operated parallel to 
the rail service for six months before final authority was granted to abandon 
the latter. 


CN Roadcruiser currently operates a daily service on the Trans-Canada 
Highway between St. John’s and Port aux Basques, where connection is 
made with the Marine Atlantic ferry service to North Sydney, Nova Scotia. 
A fleet of 25, 47-seat MCI buses is used. Terminal facilities are provided at 
former railway stations in St. John’s, Grand Falls and Corner Brook, leased 
space at Gander and Stephenville airports, and the Marine Atlantic terminal 
at Port aux Basques. Roadcruiser loses money. 


There are approximately 50 scheduled services authorized under the 
Newfoundland and Labrador Motor Carrier Act to operate in Newfoundland, © 
connecting virtually every population centre with one or more Roadcruiser 
points. Generally these are local routes with low traffic density, and most 
Carriers use vans or minibuses. 
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Only four or five of these operations use full-size buses. Some are the 47-seat 
Prévost or MCI type, but some are the smaller Bluebird type or converted 
school buses. One of these operations serves a route from St. Anthony in 
the far north of Newfoundland to Deer Lake and Corner Brook. Another 
operates between Cannings Cove on Bonavista Peninsula and Clarenville 
and St. John’s. There is also a service which connects St. John’s with 
Argentia and the ferry service from North Sydney, Nova Scotia. 


Summary 


In Western Canada, Greyhound is the dominant carrier. It operates a through 
service from Vancouver to Toronto, then to Buffalo and Windsor. It is also 
the major carrier throughout British Columbia and Alberta. There are two 
major regional carriers in Western Canada: STC provides intra-provincial 
services in Saskatchewan, as does Grey Goose in Manitoba and northwestern 
Ontario. In addition there are a number of small local services in specific 
regions not served by these major carriers. Five of these operate in the 
southern mainland of British Columbia and on Vancouver Island, one in the 
Trail-Castlegar area, and about eight in northern British Columbia, Alberta, 
the Northwest Territories and Yukon. As well, there are a number of small 
connecting and supplementary services in Saskatchewan, some of these 
assisted by provincial subsidy programs, and two in northwestern Ontario. 
In Alberta there is one real example of competition to Greyhound: Red 
Arrow’s higher-priced “deluxe” service between Edmonton and Calgary, 
and between Edmonton and Fort McMurray. 


Ontario Northland, and Greyhound, join northern Ontario to Toronto. There 
are Six significant regional carriers (including Gray Coach) providing service 
in southern Ontario. This includes Voyageur Colonial, which is the dominant 
carrier in southeastern Ontario. There are at least seven small carriers pro- 
viding service on local routes. Generally, these are primarily charter and 
tour bus operators. Apart from some overlapping of routes in southwestern 
Ontario, the only real competition seems to be between Greyhound and 
Gray Coach on the Sudbury-Toronto and Toronto—Buffalo routes. 


The former dominant carrier in Quebec, Voyageur, has divested most of its 
routes in that province, which are now served by four regional carriers. 
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SMT (Eastern) remains the only significant carrier in New Brunswick and 
Prince Edward Island, despite loosened entry regulations. Acadian Lines is 
the dominant carrier in Nova Scotia, and Roadcruiser in Newfoundland. 
There are about 10 small carriers licensed in New Brunswick, two in Prince 
Edward Island, four in Nova Scotia and as many as 50 in Newfoundland. How- 
ever, most of these small carriers (almost all of the ones in New Brunswick 
and Newfoundland) operate very short feeder or airport services using vans 
or minibuses. 


There are publicly owned intercity bus carriers in Canada. These include 
Newfoundland’s Roadcruiser, owned and operated by Canadian National; 
Saskatchewan Transportation Company and Ontario Northland Transportation, 
both provincial Crown corporations. Canada Coach Lines is municipally 
owned and operated. 


5, COMPARATIVE FARE LEVELS 
INTRODUCTION 


An important aspect of intercity bus regulation in Canada is the regulation 
of fares. The range and variance of regulated fares help provide an under- 
standing of regional differences in the Canadian bus industry and how changes 
in the regulatory regime might affect it. Published bus fares'® in different 
regions and situations are examined below. Unless otherwise stated, cir- 
cumstances are reported as of July 1990. Regardless of differences in exit 
and entry regulatory practices in different jurisdictions, every province 
requires at least that maximum fares be approved by its regulatory agency. 


Interprovincial 


Fares are approved by the individual provincial regulatory authorities. This 
includes the portions of interprovincial fares which apply to the route seg- 
ments within the provinces. Thus, the fare levels for Greyhound’s trans- 
Canada service vary from province to province. There is a through rate from. 
Vancouver to Toronto (as of mid-1990 it was $220, about 8¢ per mile),'9 
which is lower than the sum of the individual segments. The fares per mile 
for segments within the provinces, listed in Table 2, illustrate the differences 
between the provinces. 
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Table 2 
Local Fares, GREYHOUND'S TRANS-CANADA SERVICE 


British Columbia 12.3¢ 
Alberta ghee) 
Saskatchewan 12.0 
Manitoba 12.0 


Ontario (varies) 15.3-17.4 


The mid-1990 through fare, Vancouver to Halifax2°, was $320, and fares for 
the segments east of Toronto with the carrier serving each segment, are 
shown in Table 3. , 


Table 3 
Local Fares, TORONTO TO HALIFAX SERVICES 


Ontario Voyageur Colonial 


Quebec ; Orléans Express 
New Brunswick ? SMT (Eastern) 
Nova Scotia Acadian Lines ~ 


As can be seen, there are differences in overall fare levels from province 
to province.2’ Alberta mid-1990 fares were higher than those in the other 
western provinces, but fares in Western Canada were significantly lower 
than those in Eastern Canada. In the east, Nova Scotia had the lowest fares 
and Québec the highest. 


The only “competitive”? segments among the above are the short Moose 
Jaw-Regina portion of the route within Saskatchewan, between Wawa and 
Sault Ste. Marie, and Sudbury and Toronto. In Ontario, these were the 
segments with the higher fares per mile, 16.9¢ and 17.4¢ respectively. 


British Columbia 


In British Columbia, Greyhound’s fares averaged about 12-1/2¢ per mile. 
The fares do not vary, apart from a taper which produces fares as high 
as 14¢ per mile for short distances and as low as 12¢ per mile for longer 
distances. 
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Maverick Bus Lines service between Vancouver and Pemberton had fares 
of about 10¢ per mile, that is, $10 to Whistler, $12 to Pemberton. Vancouver 
Island Coach Lines has a tapered fare schedule that ranged from 15¢ to 16¢ 
per mile. Examples are shown in Table 4. 


Table 4 
VANCOUVER ISLAND COACH LINES SAMPLE FARES 


Victoria to Duncan 


Victoria to Nanaimo 
Victoria to Port Alberni 
Victoria to Campbell River 


Alberta 


In Alberta, as in British Columbia, Greyhound dominates the bus industry, 
and fares generally are for Greyhound routes. The fare level in Alberta was 
about 14¢ per mile, with some taper providing a range from as low as 13¢ 
to as high as 15¢ for shorter distances. Because the maximum rate per mile 
is regulated, rates are generally consistent throughout the province, north 
and south. 


There are two exceptions. Greyhound’s through fare between Calgary and 
Edmonton was $22, or 11.7¢ per mile, and its fare from Edmonton to Fort 
McMurray was $30, or 10.9¢ per mile. These are the two routes over which 
Red Arrow Deluxe Service also operates, but at higher fares. This suggests 
that to compete, Greyhound has had to maintain its fares at a lower level 
than elsewhere in Alberta, where competition is absent. 


Saskatchewan 


The average fare level in Saskatchewan was 12¢ per mile, with no apparent 
taper. Most of the fares are for STC routes. On routes served exclusively by 
Greyhound, rates seem to be fractionally higher, about 12.3¢ per mile. (There 
was one anomalous situation noted where two different rates were published 
from Yorkton to Saskatoon, $25.30 (12.3¢/mile) applying to STC, and $27.00 
(13.2¢/mile) applying to Greyhound; certainly this is not evidence of meeting 
“competition.” ) 


Manitoba 


Apart from the through routes served by Greyhound, the scheduled bus ser- 
vice in Manitoba is provided by Grey Goose Bus Lines. Manitoba had about 
the same fare level as Saskatchewan, 12¢ per mile with very little taper. 


There is an exception, the only example discovered of a common fare 
applicable to a group of points in a geographic area, a common practice 
in freight pricing. From Winnipeg there was a fare of $69.75 applying to a 
number of communities in the far North, between the junction at Ponton 
and points beyond, such as Thompson and Lynn Lake. The resulting fares 
to the less distant points were higher than the 12¢ norm for the province, 
14.6¢ to Thompson, with Ponton the highest at 18.2¢ per mile. 


Ontario 


The fare structure in Ontario is more diverse than in the other provinces and. 
offers additional insight into what increased competition might bring. 


There are three major bus lines operating in northern Ontario. Greyhound 
and Grey Goose have overlapping routes, but fares do not appear to be 
affected by this. For the through routes, regardless of whether one or both 
Carriers are involved, the fares have some taper, and ranged between 14-1/2¢ 
and 16-1/2¢ per mile. The third carrier is the provincially owned Ontario 
Northland whose fares were higher, averaging 17-1/2¢ to 18¢ per mile with 
no taper. | 


Greyhound’s shorter-distance local fares were higher, given the taper. North 
Bay to Sudbury, 130 miles, was 16.4¢ per mile, Sudbury to Espanola, 70 miles, 
was 17.3¢ per mile. These fares can be contrasted with those charged by 
A.J. Bus Lines, a charter line operating a scheduled service between 
Espanola and communities on Manitoulin Island. The fare to Little Current 
was $4.25 or 12.9¢ per mile. 


The fares between northern and southern Ontario were higher than those 
in either the north or the south. The fare on the Greyhound express service 
between Sudbury and Toronto, at 17.5¢ per mile, was higher than on any 
other segment of its trans-Canada route, yet it is this route that has one of 
the country’s few instances of intra-modal bus competition. 
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Gray Coach Lines had one express bus per day on this route which operates 
between the same terminals at the same price as Greyhound. Regulations 
allow for different fares, but the transparency of tariffs probably renders 
this impractical as a long-term competitive tool. The two carriers seemed to 
compete, but senior managers expressed different views. Greyhound con- 
siders the Gray Coach service more complementary than competitive; Gray 
Coach considers itself in competition with Greyhound, but not on the basis 
of fares. Gray Coach also provided the once a day local service over this 
route. As well, it operated the only through service between North Bay and 
Toronto, at a fare of 20.4¢ per mile. 


Gray Coach operated other routes northwest of Toronto, at fares ranging 
from 20.8¢ to 23.4¢ per mile, some of them in competition with Penetang 
Midland Coach Lines at the same fares. Serving different routes in the same 
region is Chatham Coach Lines/Cha-Co Trails, whose fares were similar, 
22.5¢ to 23.5¢ per mile. Can-Ar Coach Service had lower fares on its route 
from Southampton to Toronto — 19¢ per mile. 


Routes in southern Ontario have varying fare levels, with no apparent pattern. 
Greyhound’s fares and those of the smaller lines ranged from 11.7¢ through 
23¢ per mile, with no apparent pattern to distinguish Greyhound’s from 

the others. 


Apart from a few local scheduled routes served by regional charter lines, 
routes east of Toronto are served exclusively by Voyageur Colonial. The 
biggest market in eastern Ontario is the Toronto—Ottawa—Montreal corridor. 
Voyageur’s fares are lower per mile in this corridor (where there is competition 
from subsidized rail services) than on the lower density routes: 


¢ For the 125 mile Ottawa—Montreal route the fare was 16.1¢ per mile; but 
18.7¢ for the 133 mile Pembroke—North Bay route. 


¢ Montreal to Toronto is 342 miles?? and the fare was 15.7¢ per mile; by 
contrast, Montreal to North Bay is 336 miles and the fare 18.0¢ per mile. 


¢ Some local intermediate portions of the corridor routes had fares as high 


as 21¢ per mile. 


The lower fares on the corridor express services probably are the result of 
competition from VIA Rail. Nevertheless, both the higher and lower scales 
of Voyageur’s fares fall within the range of average fares in southern Ontario. 
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As discussed earlier, there appears to be a degree of non-compliance with 
Ontario’s regulations requiring filing and approval of fares. There is evidence 
of reduced fares being implemented without being filed until later, or at all. 


There are frequent cases in Ontario of fare changes and special fares as 
marketing tools. An example was Greyhound’s introduction last winter of 
advance purchase fares on a number of routes at greatly reduced levels, 
apparently with disappointing results. There are a number of special dis- 
counts available from most carriers. These include discounts for specific 
groups, such as seniors and students, and special fares for such things as 
same day return. Such discounts appear to be more numerous and larger 
on routes where VIA Rail offers discount fares. 


Quebec 


In Quebec, fares were higher than in Ontario, but were generally consistent 
within the province. For the shortest trips, under 100 miles, the fares averaged 
about 22¢ per mile, and beyond that, with no apparent further taper, a little 
over 18¢. Fares for travel within the Gaspé, and to a lesser extent to and 
from the Gaspé, were lower than fares elsewhere, as low as 15.8¢ per mile 
between the communities of Riviere-du-Loup and Gaspé, a distance of 

312 miles; and 16.5¢ between Quebec City and Gaspé, 427 miles. 


New Brunswick and Prince Edward Island 


In New Brunswick SMT operates all scheduled bus transportation services. 
Fares averaged about 18¢ per mile, with a taper that caused a range from 
25¢ for 34 miles, to 17¢ for 300 miles. 


Interprovincial fares from Prince Edward Island were the sum of the fare of 
$15.25 from Charlottetown to Amherst (including the ferry), and the appro- 
priate fares beyond. 


Nova Scotia 


In Nova Scotia it appears to be a little more difficult (or at least slower) to 
get a fare increase approved by the regulatory agency. Any application for 
a fare increase results automatically in a public hearing. That may be a con- 
tributing factor to a level of fares in Nova Scotia which are three or four cents 
per mile lower than those in New Brunswick, and lower than any other 
province east of Manitoba. 
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There is a taper, but less than in the past, and Acadian Lines plans to 
remove it. The fares were calculated at 9¢ per kilometre up to 250 km, and 
8¢ per km beyond. (Acadian is one carrier which does use kilometres inter- 
nally.) The result was a schedule of fares ranging from 14¢ per mile for the 
255 miles from Halifax to Sydney, to 14.5¢ for distances less than 154 miles 
(250 kilometres). 


MacKenzie Bus Lines operated the service on the south shore between 
Halifax and Yarmouth at fares lower than Acadian, tapering from 10.9¢ per 
mile for the 220 miles from Halifax to Yarmouth, to 13.4¢ for the 67 miles 
to Lunenburg. MacKenzie’s fare to Yarmouth was $24, and Acadian had a 
competitive fare of $25, or 11.4¢ per mile. This compares favourably to the 
$31 the fare would have been if calculated the same way as the others. 


Newfoundland 


CN Roadcruiser’s fares are subject to approval by the federal regulatory 
agency, that is, the National Transportation Agency. The fare schedule in 
effect in 1990 was a tapered scale ranging from 12¢ per mile for the 562- 
mile trip from St. John’s to Port aux Basques, to 20.8¢ for the short 60-mile 
trip between St. John’s and Windsor/Grand Falls. These fares are among 
the lowest in the country, without any competition existing in Roadcruiser’s 
market. 


Summary 


The provincial regulatory regimes generally lead to quite consistent fares, 
generally on a constant per passenger-mile basis, irrespective of route 
type, load factor and trip distance. Notable exceptions include Greyhound’s 
Calgary-Edmonton and Edmonton-Ft McMurray fares (where there is com- 
petition from Red Arrow), and within Ontario where there is a substantial 
range. Quebec fares are generally the highest. 


Two of the three provinces with the lowest fare levels in the country are 
Saskatchewan and Newfoundland. In both of these provinces, the dominant 
carrier is publicly owned, STC by Saskatchewan and Roadcruiser by the 
federal Crown corporation Canadian National. Both carriers have operating 
losses. 


6. COMPETITION 


This section first presents a brief description of the bus industry’s com- 
petitive environment and the extent of competition from other modes. 
Then, competition (or its absence) between bus carriers in their regulated 
environment is discussed. 


6.1 INTERMODAL ~ 


According to the most recent available data,2* in 1988, about 37 percent of 
domestic intercity journeys, using scheduled public transport, were made 
by bus. The average journey by all public modes was about 600 kilometres; 
by bus it was 155 kilometres. It follows that the bus mode accounts for only 
about 10 percent of passenger-kilometres. 


The bus is perceived as “the poor person’s” mode of travel. It is traditionally 
the lowest-priced mode. The typical bus passengers are perceived, not as 
those who choose not to drive their own cars on short to intermediate trips, 
but those who cannot drive because of age or disability or do not have cars 
to drive (working poor, unemployed, students). 


Demand for intercity scheduled bus travel is considered to be countercyclical, 
or at least does not suffer as badly in poor economic times as do the other 
modes. It is a more attractive alternative to those whose economic value 

of time is low. During recessionary times, as the lowest cost alternative, it 
attracts new business from the automobile and higher-cost public modes; 
during prosperous times, it loses passengers to the more expensive public 
modes and to the private automobile. 


Air 

Air traditionally has not been seen as competitive with bus in Canada. Air 
fares were usually seen as being out of reach for the typical bus passenger. 
As well, the time saved by air travel, that mode’s chief advantage, probably 
does not have as high a value to the average bus traveller. There have been 
airline deep-discount fares and seat sales from time to time which have 
come close to, and occasionally met, bus fares over longer distances. These 


fares, however, have required advance booking and advance ticket purchase. 
Most bus travellers are not accustomed to purchasing tickets in advance, 
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and the finances of many may be such that they cannot. Further, most of the 
rural communities and small towns served by bus do not have air service 
or even an airport. 


This does not mean there is no competition between the air and bus modes. 
There certainly are travellers who prefer the faster air mode but because of 
their high sensitivity to price opt for the bus. Students are an example. When 
sufficiently low air fares are available, these bus passengers will accept the 
conditions and travel by air. In the United States where air fares are gener- 
ally lower than in Canada, this competition was sufficient to have made a 
major contribution to the growing losses suffered by the large long-distance 
bus carriers. Since 1990, air seems to have had an increasing impact on 
longer-distance revenues of Canadian bus carriers. As of 1992, longer- 
distance air discount fares regularly fall below undiscounted bus fares. 


During off-peak travel periods before and after the Christmas-New Year 
period of the winter of 1991, Greyhound introduced large discounts on a 
few selected routes (as much as 70 percent in some cases). These were 
advanced purchase excursion fares, restricted to certain days of the week, 
and specified (off-peak) departures. Furthermore, only a limited number 

of these excursion passengers could be carried on a single departure, and 
there was no refund. According to Greyhound, they met with very little suc- 
cess, largely because most bus travellers will not purchase tickets in advance. 
It may also indicate that they do not travel for the sake of travelling, so do 
not travel more because of a seat sale; in other words, it might suggest 
that demand of bus customers for travel, though not necessarily by bus, is 
price inelastic. Finally, the season might have excluded such price-sensitive 
segments of the market as students. 


Rail 


Rail travel traditionally has been more elegant, more comfortable, but higher 
priced than bus; more time consuming but more comfortable and less 
expensive than air. For some years, however, VIA Rail has implemented 
marketing strategies aimed at increasing volume and market share. They 
have been aimed at the air mode in the shorter distance Toronto—Ottawa- 
Montreal market, with emphasis on faster schedules, more convenience 
and better service (VIA 1). As well, the strategies have targeted the high- 
volume bus mode and the private car with discount fares. 
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As other VIA Rail services have been discontinued in recent years, the 
emphasis of their competition with the bus carriers has been in the Quebec 
City to Windsor corridor. The most affected carrier is Voyageur Colonial 
(VCL), which has VIA competition virtually throughout its system. According 
to its President, VCL loses a considerable amount of traffic to VIA. He 
expresses anger and frustration that VIA is able to compete effectively with 
fares sometimes lower than the bus fares, while it recovers only a small 
portion of its costs. If it were not government owned and financed, he says, 
it would have to have a commercially sound fare structure. In that case, 

VIA would not be such a competitive threat and VCL’s viability would not be 
threatened. VCL fares on the services with direct competition from VIA are 
lower per kilometre than elsewhere, no doubt a result of that riage ease 
but made possible because of the higher traffic volume. 


VIA probably does not greatly affect the traffic volumes of bus carriers 
elsewhere in the country, particularly since the 1990 cuts. Two of the 
services cut were in Nova Scotia, and it is not clear what effect, if any, 
was felt by the bus mode. 


VIA operated services between Halifax and Yarmouth, via the Annapolis 
Valley, and between Halifax and Sydney on Cape Breton Island. Both of these 
services were discontinued on January 15, 1990. Acadian Lines estimated 
that VIA had between 15 and 20 percent of the public travel market on those 
routes. Data have been provided by Acadian which indicate that the number 
of passengers carried on those routes in the last six months of 1990, after 
VIA discontinued the service, were three to four percent /ower than for the 
same period in 1989, before the VIA cuts. (The full year’s data were not used 
because they are distorted by an eight-week strike at Acadian during the 
spring of 1989.) 


Discussion with Acadian’s President produced two possible explanations. 
Some VIA passengers, who had been using connecting bus service, or bus 
service for one half of a round trip, might not be travelling in the absence of 
rail service. In other words, there were VIA passengers for whom Acadian 
provided feeder service. Alternatively, gains from VIA might have been masked 
by overall demand effects. Acadian’s passenger business has been declining 
for years, as is true elsewhere in the industry. Acadian might have gained 
traffic from the VIA cuts, but the net year-to-year change is still negative. In 
other words, had VIA continued its service, Acadian’s volume might have 
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declined by considerably more than three or four percent. Fare increases of 
8.25 percent on August 1989, 9 percent on February 1 1990, and 9.5 percent 
on September 1 1990 are also relevant. 


6.2 INTRA-MODAL 


The regulatory environment in which most of the Canadian bus industry 
operates, effectively discourages competition among carriers on the same 
routes. There are, of course, important exceptions. New Brunswick and 
Prince Edward Island removed the major legal barriers to market entry 

in 1987. Beginning in 1977, the Ontario environment apparently became 
more accepting of competition. In Alberta there is a noteworthy instance 
of two competitive services. | 


These exceptions are discussed below. There are a number of other instances 
where, technically at least, “competitive” bus service exists, but these are of 
little consequence and not discussed here in detail. They are mostly overlaps 
in the routes of carriers, such as Greyhound’s trans-Canada routes and the 
intra-provincial services of Saskatchewan Transportation Company. 


New Brunswick and Prince Edward Island 


New Brunswick and Prince Edward Island removed a major hurdle to com- 
petitive bus service January 1, 1988, by no longer requiring applicants for 
operating authority to prove “public convenience and necessity.” Instead 
the burden passed to those objecting to an application, who now must 
prove the proposed service will be detrimental to the public interest. 


The new rules do not appear to have attracted many new entrants into the 
market. In New Brunswick there are three new licences for very restricted 
scheduled services; at least one is a new airport service. Ten new charter 
licences have been issued, but most of these are established operators 
expanding their territory throughout the province. 


These provinces do not have large population centres and SMT (Eastern) 
appears to have an efficient and reasonably priced service in most areas. 
There has been no apparent attempt to challenge that monopoly in the 
scheduled market. On the other hand, new charter operators, and to a 
greater extent existing charter operators with increased territory, have 
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resulted in a significant decline in SMT’s charter business. Three years | 
ago, SMT had 37 buses assigned to charter service; that number has been 
reduced to 10. 


Ontario 


In 1977, for the first time, the Government of Ontario authorized a bus carrier 
to operate on routes in Ontario over which bus service already existed. 


Greyhound’s trans-Canada service from the west coast extended to Toronto, 
but on the last leg of the route, between Sudbury and Toronto, it was Gray 
Coach Lines which had the authority to operate, not Greyhound. By agree- 
ment, Gray Coach operated Greyhound’s buses over that route. Also, 
Greyhound operated service from Toronto to connect with the U.S. bus 
networks through Detroit, but not through Buffalo. Again, it was Gray Coach 
that had exclusive authority to operate between Toronto and Buffalo. 


Greyhound appealed to the Government of Ontario for authority to operate 
between Sudbury and Toronto, and between Toronto and Buffalo. This was - 
granted by a Cabinet Order in 1977, but with a “closed-door” restriction, 
that is, no rights to carry passengers between intermediate points. 


Greyhound operates five daily runs between Sudbury and Toronto. Four 
of these runs are part of its trans-Canada system. All are express (through) 
services. As discussed above, Gray Coach operated, and now the Crown- 
owned Ontario Northland operates, one express service a day in addition 
to a local service. 


Senior representatives of the two carriers have expressed different interpre- 
tations of the Greyhound-Gray Coach relationship on this route. Greyhound 
considers the Gray Coach service as complementary, not competitive. Gray 
Coach sees it as strictly competitive, but not on the basis of price. The Gray 
Coach express service and one of Greyhound’s buses left Toronto at what 
could be perceived to be competitive times, between 4:00 and 6:00 p.m. 
Apparently there have been a number of changes made in these departure 
times. According to Gray Coach, this was done to gain competitive advantage. 


When, as discussed earlier, Greyhound introduced experimental advance- 


booking fare reductions, ranging to as much as 70 percent, the experiment 
was only carried out on a few selected routes, including that between 
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Toronto and Sudbury (Toronto—London where it competes with VIA Rail 
and Thunder Bay—Winnipeg were two others). According to Greyhound, the 
purpose was to determine whether low fares would significantly increase 
volumes. The Greyhound spokesman said that Gray Coach was advised in 
advance of these fares being introduced on the Toronto—Sudbury route. Gray 
Coach met the reduced fares, and advertised them with posters in the termi- 
nals. It appears, however, that Gray Coach failed to file or was exempted 
from filing the appropriate tariffs with Ontario’s Carrier Licensing Office, as 
regulations normally require. 


Price competition in public passenger transportation is difficult regardless 
of what regulations exist. A fare reduction must be publicized to have the 
desired effect. Even if the carrier neglects to file the tariff change with the 
authorities as required, the reduction will be known to the (presumably 
watchful) competitor rather quickly. A spokesman for Gray Coach Lines 
expressed the view that price competition does not make sense, because 
everybody loses. He stated further that Gray Coach meets any other carrier’s 
fare reduction, but will not set fares lower than competitors — it will not get 
into a price war. In his opinion there is not really any price competition between 
bus carriers, but fare reductions will be introduced to increase market. 


Gray Coach also considers itself in competition for through traffic between 
Toronto and Buffalo. Gray Coach had pool agreements with Greyhound 
(U.S.) to operate each other’s buses, allowing the convenience of through 
coach service between Toronto and major U.S. points, with only driver 
changes. With Greyhound (U.S.) on a complicated strike, Gray Coach did 
not want to operate its buses, so the agreement is no longer in force. The 
spokesman said that recently Gray Coach has entered into equivalent agree- 
ments with other U.S. carriers, and now “beats” Greyhound of Canada’s 
connections to New York and most other major U.S. destinations. 


With Gray Coach’s sale of certain routes to the provincial Crown corporation, 
Ontario Northland Transportation Commission (ONTC), competition could 
change. The routes involved extend north from Toronto to Barrie, Penetang 
and Midland, Owen Sound via Collingwood, North Bay and Sudbury. 

Not included are its other two routes to Owen Sound, and its southern 
routes between Toronto and Niagara Falls, Buffalo, Cambridge, Guelph 

and Kitchener. 
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Gray Coach has been operating between Toronto and Owen Sound via Guelph 
and Highway 6, and via Brampton and Highway 10 through Orangeville. It 
is the only carrier on those routes. It also had authority to operate to Owen 
Sound via Barrie and Highway 26 through Collingwood, and through Barrie 
to Midland and Penetang. Penetang-Midland Coach Lines (PMCL) also has 
authority over these two routes. Until recently, neither carrier has been 
operating the full routes. Gray Coach has operated between Toronto and 
Barrie; PMCL has not. PMCL has operated north of Barrie; Gray Coach 

has not. However, PMCL has just introduced a service between Toronto 

and Barrie. 


Two of the parties in opposition to Gray’s sale of licences to Ontario 
Northland deserve some attention in the context of this discussion of intra- 
modal competition. Greyhound had Gray Coach operating some “comple- 
mentary” service on its Toronto—Sudbury route, probably causing only 
minimal damage. With approval of this sale to ONTC, it could be faced with 
stronger and more frequent complementary service from a government- 
financed carrier. But, perhaps as a result of some understanding, Greyhound | 
has withdrawn its opposition. . 


The remaining opposing carrier, PMCL, operated in a territory where it 
enjoyed a monopoly position as long as Gray Coach or its successor chose 
not to avail itself of its operating authorities. Now it will face a competitor 
financed by the provincial government. 


There is other scattered and restrained competition in Ontario, particularly 
in the densely populated southwest. 


Both Greyhound and Gray Coach operate between Toronto and Hamilton, 

a short distance, but in a densely populated area. The Queen Elizabeth Way 
route to St. Catharines, Niagara Falls and Fort Erie (and Buffalo) is served by 
Canada Coach Lines out of Hamilton, and by Gray Coach out of Toronto. (As 
already mentioned Greyhound operates a “closed door” service between 
Toronto and Buffalo.) Also in the Niagara Peninsula but over different high- 
ways, Farr’s Coach Lines provides service between Port Colborne and 

St. Catharines, and between Hamilton and Dunnville. 


Greyhound has a monopoly on the through service between Toronto and 
Windsor, between Buffalo and London, and between London and Windsor 
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via Route 3 along Lake Erie, although there is some overlap by other carriers 
between some of the intermediate points. For example, Chatham Coach 
Lines operates tri-weekly local service between Windsor and Leamington, 
but not at the same times as Greyhound. 


There are a number of situations where licences have been granted to 
different carriers to operate distinct services, but their routes overlap for 
relatively short distances. On some of those overlapping segments there 
might be limited competition although, as far as can be determined, the 
fares are the same. 


There is an example in the Bruce Peninsula. Cha-Co Trails (a subsidiary of 
Chatham Coach Lines) has service between London and Owen Sound. 
Can-Ar Coach Service operates between Toronto and Southampton. These 
routes overlap along Highway 21, for the 30 miles between Kincardine 

and Southampton. Both operate in the morning southbound, one leaving 
Southampton at 6:30, the other at 9:00; and at night northbound, leaving 
Kincardine at 8:50 and 9:20 respectively. They are probably more comple- 
mentary than competitive in this rather small local market, and the schedule 
times are doubtless set to accommodate the larger end points of the routes. 


The 50-mile Toronto to Orangeville segment of this Can-Ar route also over- 
laps with the Gray Coach service to Owen Sound. The daily Can-Ar bus 
operates at about the same time as one of the two daily Gray Coach buses. 
The carriers depart from Toronto at 5:30 and 6:00 p.m. respectively, and from 
Orangeville at 9:45 and 9:15 a.m. The similar arrival and departure times at 
Toronto probably are set to meet the demands of the two individual markets, 
rather than to gain competitive advantage on the Orangeville segment. 


In addition to the above, industry representatives have pointed out that 
Ontario’s GO Transit operates buses and trains over the routes of intercity 
carriers within a substantial radius of Toronto. This constitutes competition 
with respect to a portion of the carriers’ potential riders. Also, competition 
in a restricted intermodal context has been provided by bus service from 
southern Ontario communities to the U.S. and Buffalo airport,2° and there 
have been reports of scheduled services operating between major Ontario 
centres without operating authority. 


Alberta 


Greyhound has competition in Alberta from Red Arrow Deluxe Service of 
Edmonton. Red Arrow made a case before the Motor Transport Board in 
Alberta that there was a distinct unserved market for a “deluxe” express 
bus service between Edmonton and Calgary, and between Edmonton and 
Fort McMurray. It is the equivalent of the air industry’s “business class.” 
Buses have 10 rows of seats with a two by one configuration, instead of 
Greyhound’s standard 12 rows, two by two. The result is 30 seats per bus 
instead of 47. Red Arrow’s service has washrooms, video entertainment and 
earphones, like Greyhound’s, but also has facilities to provide light refresh- 
ments (tea, coffee, hot chocolate, cookies, cheese and crackers). Alcoholic 
beverages are not available. Red Arrow also cooperates intermodally with 
VIA Rail, including bus-rail through fares. 


Red Arrow fares were higher than Greyhound’s — in 1990, $26 versus $22, 
Edmonton to Calgary; $34 versus $30, Edmonton to Fort McMurray. On the 
Calgary route, Red Arrow appears to have load factors similar to those of 
Greyhound, and a little over 15 percent market share. On the Fort McMurray 
route, it seems to have load factors a little higher than Greyhound’s, and 
about 50 percent of the market. 


These routes are probably two of Greyhound’s most profitable; certainly the 
high-density Edmonton—Calgary route must be. However, Greyhound’s fares 
on these routes are generally lower than elsewhere. Between Edmonton 
and Calgary, the through express rate in 1990 was equivalent to about 11.6¢ 
per mile; on intermediate segments it was about 13.7¢. This appears to 

be the only Greyhound route, at least in Alberta, with a significantly lower 
rate per mile for the through service, no doubt the result of the Red Arrow 
competition. 


As already described, Big Rock Bus Lines provides service between Calgary 
and Okotoks, High River and Turner Valley. Although Greyhound may serve 
the same market with its Calgary—Lethbridge local service, this is a commuter 
market and, thus, not a competitive intercity service in the context of the 
Commission’s work. 


Summary 


Throughout most of Canada there is substantial competition in the charter 
bus industry, and this has been growing in recent years. Competition in 
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scheduled services is primarily intermodal and limited to a very small pro- 
portion of the routes served by the industry. With very few exceptions, where 
it does occur the competition is either between services approved as 
different in either quality or route, or price competition is absent. 


7, CARRIER Cost STRUCTURES 


To allow comparison and analysis of different bus services, operated by 
different carriers, acommon and simple method to estimate costs was 
designed. This costing was based on cost and statistical data made available 
on aconfidential basis by various bus operators. The data were combined 
to present a reasonable approximation of average costs for segments of the 
industry, while not compromising the confidentiality of any single contributor 
of data. 


The cost estimates were not simple averages. Rather they were the product 
of analysis of the costs of the various carriers and the differences among 
them, to achieve unit costs which appeared to represent a typical or normal 
level of cost. Two costing formulae were developed — one for use with ser- 
vices of small carriers, the other for major carriers. These formulae were 
computed for the use of the Commission's research staff to analyze fares 
and profitability of specific typical intercity scheduled bus services. 


The measure used by the bus industry for cost analysis is the bus-mile. It was 
felt that comparisons would be a little more meaningful if other measures 
were used as well. To make the comparisons required by the Commission, 
costs were attributed according to more than a single per bus-mile variable. 
Some of the income statement cost categories were attributed to bus-miles. 
Others were attributed to bus-hours to reflect the different time-to-distance 
ratios of some services, and per passenger to reflect costs that are variable 
with the volume of traffic (number of passengers), but not with distance 
travelled. 


The depreciation cost of buses is included in the bus hour cost. It is a com- 
mon cost for the industry based on an average capital cost and age of a 
standard bus in intercity service. As well, cost of capital is included, using 
the 10 percent real rate of return assumed as appropriate for the overall 
transportation industry, for the purposes of the Commission’s work. 
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The cost per passenger includes a cost for terminals, but this is not owner- 
ship cost. Instead, an amount representing terminal charges or rent is used. 
some Carriers own all the terminals they use; some do not own any. Most 
of the large carriers own some terminals and pay charges or rent for the 
shared or exclusive use of others. At least one major carrier owns a ter- 
minal, which is treated as a distinct profit centre, with charges made to 

the bus operation for its use. 


The unit cost reflecting bus time is calculated per scheduled bus-hour. This 
makes calculation of the cost for specific services easier, because the cost 
includes an idle or utilization factor. The analysis done for this paper indicates 
that there are between 3.5 and 5 buses owned for every one actually moving 
and carrying passengers on scheduled service at an average point in time. 
Overall, it is estimated that for every hour a bus is moving with passengers, 
it has spent or will soend almost three and a half hours in terminals, ina 
garage or being available for service. This reflects the high degree of peaking 
in the transportation industry, and the practice in the bus mode of providing 
extras or overloads — supplying as many buses as necessary to accommo- - 
date all passengers who wish to use the service. This factor was calculated 
using bus inventory, bus-miles and an estimate of average schedule speed 
of 40 or 50 miles per hour. It provides a rough approximation, but data 
required to make more dependable estimates were not available. 


Data were received from a variety of carriers, some large, some small, 
some operating in major population centres, some in remote areas. Some 
carriers operated primarily scheduled intercity services, and some had 
mainly charter operations. Although income statement data are difficult to 
compare, total costs were estimated for each of eight carriers. Total operat- 
ing cost ranged from just over $2 per bus-mile to just over $4, but there is 
no clear pattern for carriers’ relative positions on the range. From lowest 
cost to highest cost, they rank as follows: 


1. small, primarily charter 
2. medium-size regional 
3. small/medium-size regional 


4. large 


5. medium-size regional 
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6. large 


7. medium-size regional 


8. small, remote, mostly packages 


Cost structures of the small carriers do not differ as much as the above list 
might suggest. Generally these carriers are small operations with only a few 
buses, and a high proportion of charter business. Utilization of the buses and 
facilities and sometimes even drivers, not to mention trip distances, can cause 
radical cost-per- mile variance, because the numbers are relatively small. 


Two elements which will affect the cost structures of carriers of all sizes are 
the size and treatment of their debt and the rates of pay for drivers. (These 
are factors that were not distinguished in the cost model.) Usually small car- 
riers enjoy an advantage over large carriers in both these respects. Two of 
the largest carriers in Canada, however, have very different costs, caused by 
these two factors together with a difference of about 30 percent in average 
bus use. 


The publicly owned bus carriers in Canada include Newfoundland’s 
Roadcruiser, owned and operated by Canadian National, a federal Crown 
corporation; Saskatchewan Transportation Company and Ontario Northland 
Transportation, both provincial Crown corporations; and Canada Coach 
Lines, municipally owned and operated. Some data have been made avail- 
able for the federal carrier, one of the provincials and the municipal carrier. 
The latter seems to be in line with total costs per mile of other carriers of its 
size and scope; the provincial and federal Crown corporations rank at the 
high end of the cost-per-bus-mile range. 


Some statistical analysis would be useful here, but the data received from 
the various carriers are not sufficiently detailed or consistent. As well, such 
analysis would risk violation of the confidentiality agreed upon with the 
individual carriers. 7 


8, Cross SUBSIDIZATION™ 


Bus industry representatives and several carrier officials, in particular the 
presidents of two major intercity bus companies, insist that, without the pres- 
ent system of monopolies maintained by regulation, many small communities 
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would lose their bus service. In fact, this is the predominant defence of the 
status quo. It is asserted that regular service to small communities at restrained 
prices is only possible because carriers are required or expected to provide 
it as a condition of authorities to operate profitable unit toll routes and char- 
ter services. The president of one major carrier has stated that the day after 
deregulation he will withdraw service from more than 100 communities.2’ 


The costing system for intercity bus was designed to enable sharp focus 
on the question of cross subsidization. In particular, this was the principal 
reason for inclusion of the bus-hours (small community or local service is 
characterized by many stops and thus slow average speed) and the per 
passenger (local trips are usually shorter) output variables, in addition to 
the usual passenger-kilometres or bus-kilometres measure of output. This 
allowed an important degree of specificity in terms of isolation of cost 
levels associated with local versus express interurban services. 


Calculation of the cost of a service, using these unit costs, required the 
appropriate operational output units: bus-miles, bus-hours and number of | 
passengers. Bus-miles and bus-hours were estimated using the schedules 
contained in the Official Canadian Bus Guide. To analyze profitability and 
examine the extent of cross subsidization, the break-even load factors were 
compared to actual or probable carryings. Detailed passenger carryings 
were only available from one major carrier; load factors (percentages of 
seats filled), in varying detail, were provided by a few other carriers. This, 
together with the uncertain accuracy of these data, made it necessary to 
analyze a broad range of services, without knowing relevant numbers of 
passengers. The method adopted was to use the appropriate bus fares2® 

to calculate its break-even passenger load for each specific service in the 
sample; that is, the number of passengers, at the given fare, required to — 
cover the cost of providing the service — below which the service loses 
money, above which it earns a profit.29 | 


This introduced another variable, segments. On a local bus service, passen- 
gers get on and off at intermediate points along the route. In accordance 
with the principles of the costing methodology being used, each time a pas- 
senger boards the bus, the cost of a passenger is incurred.2° For some local 
services with shorter average trip distances, the per passenger element (at 
break-even traffic volume) exceeded 60% of total cost, with 25% attributable 
to bus-kilometres and 15% to bus-hours. On the other hand, for a longer 
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distance express service, over 60% of cost at break-even load is attribu- 
table to the bus-kilometres element and less than 10% to the per passenger 
element. 


A few examples for actual routes and averaged costs are offered in Table 5. 


Table 5 
EXAMPLES OF ROUTES AND AVERA GED MAJor CARRIER Costs 


Break-even 
load factor 
Route description Service type (as a percentage) 


Major intercity Express 
Semi-express 
Local 


Medium to large city Express 


Small to medium city Express 


Large city to rural Local 


Medium to large city Local 


The figures given in Table 5 for break-even load factor represent the average 
seat occupancy that would be necessary were the service in question to 
recover the generalized level of cost (including a reasonable economic 
return on capital invested) for a major carrier as has been described. The 
service conditions were selected from some 50 examples to which the cost 
models were applied. The examples illustrated in Table 5 suggest the 
potential diversity of cost recovery on various routes. 


Load factors of 151% and 131% are not possible. There is no chance that 
services as described could recover cost (unless there was a lot of profitable 
freight, which was not the case for any of the examples). In fact, rural services 
or, worse, local services connecting rural areas to a city can never achieve 
high average loads; 50% would be very optimistic, 20% to 30% generally 
realistic. On the other hand, major intercity operations regularly exceed 

an average of 60%, indicating that some of the above are very profitable 

(in isolation). 


The results of the cost analysis using actual values, when compared to 
route and service-specific loadings provided by the carriers, demonstrated 
cross subsidization even more clearly. The most profitable express run 
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investigated earned revenue which exceeded by more than 100% its com- 
puted fully allocated cost (including return on investment). Interurban express 
services whose revenues cover total cost plus 50% are the rule. At the other 
end of the scale are local services whose revenues cover as little as 15% of 
fully allocated cost. Profitable locals are the exceptions, and cost-recovery 
levels of only 25% are typical for local routes which parallel express service 
between major urban centres provided by express operations. At the inter- 
mediate level, mixed services (where interurban passengers are carried 

but stops at small communities are also made), and longer-distance 
interprovincial services, are (for the most part) comfortably profitable. 


The very poor results for local services actually overstate real losses in 
most cases but it is not known by how much. Not considered are revenues 
from parcels or the profits from possibly lengthy journeys that start and/or 
end with a short leg on a local service. None of the carriers consulted had 
accounting systems from which the parcel freight and connecting stage 
joint products for local services could be reliably attributed to those individual 
local services. It is clear, however, that parcels are generally a very important 
source of revenue for services to remote areas, particularly in the North. 
Nearer urban areas, courier services effectively compete for the parcel mar- 
ket. Also, there are long- or medium-length journeys which might not be 
made by bus if there is no service connecting with origins or destinations 
on local routes. 


It is also relevant to note that the losses for local services, and hence the 
extent of cross subsidization, are also the result of the fare policies discussed 
above. Fares per kilometre for short-distance local services are rarely much 
above, and are sometimes below, fares for high-density interurban travel. 
Relaxation of the regulations that protect monopolies on profitable routes 
would, presumably, be accompanied by relaxation of the restraints on local 
fares. Presuming a relatively inelastic demand,*' fare increases would make 
some local services viable. 


There are also other possibilities for economical service to small communities 
that would leave them served by other than full-size coaches with washrooms. 
The market would be opened to mini bus operations, more use of school 
buses on short scheduled runs, and a variety of part-time ventures into local 
scheduled service. Inevitably, there even might be communities not now 
served by scheduled service that would gain it. Notwithstanding all of these 
possibilities, some communities would lose service. 
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Overall, examination of cross subsidization of bus routes in Canada suggests 
that the most vulnerable services (the highest recipients of cross subsidy 
with the lowest prospect of viability through parcels or fare increases) are 
those serving small communities between major centres where the major 
centres are served by interurban express operations. This is most prevalent 
in the relatively urbanized south of Canada. 


9. EFFECTS OF ECONOMIC REGULATION IN OTHER COUNTRIES” 
9.1 REGULATORY REFORM 


Studies of the industry’s structure prepared by the U.S. Department of 
Transportation and the academic community supported the total deregula- 
tion of the intercity bus industry in that country. Academic research in the 
United States indicated there were no significant economies of scale in bus. 
operations. The earlier belief that the industry was a natural monopoly was 
set aside. This encouraged policy makers to view competition as the means 
of securing the most efficient and socially acceptable intercity bus transpor- 
tation system, and led to the deregulation of interstate bus services, with 
some states following suit. 


British research also supported a reduction in economic regulation. In most 
public bus operations, the cost of providing a seat-mile of service falls with 
the capacity of the bus in use. There are thus economies of scale with larger 
vehicles. Such economies do not, however, constitute a barrier to market 
entry since buses are readily purchased or transferred from other services. 
Thus, while certain types of scale economies exist, they do not present 
restrictions on free entry or exit from the market. The British evidence 
indicated that, with suitable policy measures in place to control sunk costs 
under private control (terminals, reservation systems and so on), liberaliza- 
tion of pricing and entry met the requirements of maximizing efficiency and 
social welfare in the largely contestable intercity bus market. Britain deregu- 
lated interurban bus services, and later privatized its dominant Crown-owned 
national bus carrier. 


As of 1992, we have a decade of experience with substantially reduced 
economic regulation in both the United States and the United Kingdom. 


Me 


Although research in both the United States and Britain was supportive of 
total deregulation in both nations, the final legislation — though substantial 
in terms of reform — fell short of total deregulation. The British approach went 
further than that of the U.S., particularly with regard to express bus services. 


United States 


The 1982 U.S. legislation was restricted to interstate services and left in place: 


¢ the requirement that new service applicants apply to, and be certified by, 
the Interstate Commerce Commission (ICC); 


¢ antitrust immunity for the bus industry to discuss general and promotional 
fare changes; and 


¢ ICC authority to regulate collective rate making. 


Interviews with officials of the Congressional Research Service indicate that — 
ICC decisions have pre-empted overwhelmingly state decisions in favour 

of carrier requests for abandonments and higher fares. This ICC policy has | 
greatly weakened state regulation of intercity bus service and fares. Also 
since deregulation, the ICC has approved almost every application for new 
service authority, causing some to question the ICC’s approval standards. 


Unlike the case of airline deregulation, the U.S. Congress did not (at that 
time) build subsidy protection for small communities into the Bus Regulatory 
Reform Act, 1982, even though many expressed the fear that small and 
rural places, for which bus transportation is often the sole means of public 
intercity travel, would likely lose service. Instead, Congress took the view 
that small town protection is a state rather than a federal responsibility and 
elected to omit any form of special protection. Many favoured special pro- 
tection and waited anxiously to assess the outcomes of reform. A decade 
later, however, in addition to state support of bus service to small commu- 
nities, the Federal Transit Act provides subsidy funds for sharing the cost 
of intercity bus service assistance with the states. 


Britain 


The key feature of regulatory reform under the British Motor Carriers Act of 
1980 relates to the road service licence. First, the legislation reclassified types 
of bus transport with a view to permitting greater product differentiation 
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and: diversity. Second, it makes it easier to obtain licences in general and 
limits the power of the commissioners to impose conditions. The exemption 
of express services from road service licensing is of considerable impor- 
tance. The definition of such services under the Act is couched in terms of 


the distance every passenger travels — this must exceed 30 miles. In effect, 
long- and medium-distance intercity bus transportation is no longer subject 
to entry and exit regulation, although operators are still required to provide 
commissioners with details about their services. Local bus companies 

can offer virtually any bus service they deem profitable, subject only to 

a minimum of 42 days notice.*% 


To initiate an interurban bus service in Britain, candidate operators must 
only demonstrate that they are of good repute, of appropriate financial 
standing (a test of “fitness”) and that they or their transport managers are 
professionally competent (a test of “ableness”). They must then register 
the service (a test of “willingness” to provide common carrier service and 
meet consequent obligations). 


9.2 EVIDENCE — EFFECTS OF REDUCED REGULATION 


United States 


Between November 1982 and May 1990, more than 7,400 applications 

were filed by new and existing firms for regular-route and charter-operating 
authority. A total of 5,600 of these were filed by new applicants. Approxi- 
mately 13 percent of these applications sought regular-route authority. 


The number of ICC-regulated bus companies rose from about 1,300 in 1980 
to more than 3,600 in 1989. The majority of these operators provide charter, 
commuter and special-operations services. It would appear, therefore, that 
the post-deregulation industry will continue to be made up of a large number 
of independent operators. 


This significant increase of U.S. operators masks considerable concentration 
in the regular-route “Class I” segment of the industry since deregulation. 

In March 1987, amid declining ridership and serious labour disputes, the 
Greyhound Corporation sold Greyhound Lines to GLI Holding Company. 
Later that year, citing Trailways’ deteriorating financial condition, GLI peti- 
tioned the ICC for authority to purchase the operating rights and assets of 
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Trailways. In the spring of 1988, the ICC authorized GLI to purchase the 
interstate and intra-state operating rights and principal operating assets 
of Trailways Lines and Trailways’ 50 percent interest in Continental 
Panhandle Lines. 


From a competitive standpoint, the Greyhound-Trailways merger would 
appear threatening, since Greyhound now provides the vast majority of 
interstate regular-route service. In 1989, Greyhound accounted for some 

85 percent of the revenues generated by the Class | intercity bus companies. 
Greyhound now provides the only intercity transportation in 9,000 of the 
approximately 9,500 markets it serves. Thus far, however, “anti-competitive” 
practices have not occurred. The legislation’s entry provisions make it pos- 
sible for other carriers to enter markets now served exclusively by Greyhound, 
and the essential contestability of the market appears to be preventing 
market abuse. As well, by ensuring that carriers can abandon unprofitable 
service, the ICC believes that the legislation encourages the introduction 

of new, innovative services (see “network” effects below). 


Deregulation led the major operators to institute serious cost-cutting 
measures, including franchising, work-rule changes and the elimination 
of numerous routes they considered unprofitable. This action, along with 
other cost-cutting measures such as the renegotiation of wage contracts, 
helped reduce costs in the late 1980s but not by enough to reverse a trend 
of decreasing profits. 


In more recent cost-cutting efforts, Greyhound Lines has shifted away from 
scheduled service to more profitable charter services; the company has given 
up certain low-density markets to smaller bus companies and, in a highly 
controversial step, increased the hiring of non-union labour. The latter, 
together with fundamental disagreements over major concessions sought 
by management, has precipitated a major strike. Labour is entrenched and 
as of the time of writing, the dispute shows no signs of easing. 


Although deregulation led to serious cost cutting, including franchising, 
renegotiation of wage contracts, work-rule changes and the elimination of 
numerous unprofitable routes, this was not enough to reverse a trend of 
decreasing profits. 


MED. 


The intercity bus industry continues to provide extensive service through- 
out the United States, but there have been service reductions since 1982. 


According to the American Association of State Transportation and Highway 
Officials, about 4,000 communities lost intercity bus service between the 
start of regulatory reform in 1982 and the summer of 1988. Looking only 
federally, however, the ICC reports that, as of May 1990, it had received 
only 75 petitions to review applications to abandon interstate routes (nearly 
all of which were granted). The difference is in intra-state routes that are not 
federally controlled, and many of which remain regulated. The vast majority 
of the decline thus seems to be a continuation of past trends in the decline 
of the intra-state bus industry. 


During the five years prior to deregulation, U.S. communities receiving bus 
service declined by 3.3 percent per year. For the three years following regu- 
latory reform it was approximately 10 percent per year, a clear acceleration. 
Nonetheless, during the 1970s, when strict entry and exit regulations were 
in place, 1,800 communities lost bus interstate service. Moreover, many 
analysts believe that, without regulatory reform, more bus companies 
would have experienced bankruptcy, with even more rapid decline in the 
number of points served. 


The Greyhound-Trailways merger led to a development that the authors of 
the 1982 Act hoped would occur, namely the commencement of rural feeder 
operations. Greyhound’s “rural connection” which operates in a manner 
similar to the airlines hub-and-spoke system, uses vans to provide service 

in areas where there is insufficient demand to warrant the use of full-sized 
vehicles. These feeder lines, which are linked to communities served directly 
by Greyhound, are operated by independent entrepreneurs who act as agents 
for Greyhound and receive a portion of the fare. As noted earlier, similar 
operations are in evidence in Canada, particularly in the more northerly 

and remote regions. 


Britain 


In Britain, the immediate effect of regulatory reform was a considerable 
reorganization and initial concentration within the express bus sector. 
Six major private companies combined to form a consortium, British 
Coachways, offering services from London to major destinations. The 
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consortium was intended to provide a major competitor to the Crown- 
owned National Express, embracing the activities of the National Bus 
Company (in England and Wales) and the Scottish Bus Group. 


After about four years of deregulation, however, the Crown carrier — National 
Express — had become, once more, a monopoly supplier on many routes 
where private operators had, in 1980-81, initially offered new service. 
Others now offer joint services with National Express. Further, British 
Coachways suffered from a succession of membership withdrawals and, 
by January 1982, had essentially collapsed. 


Deregulation permitted new entry at fare levels potentially profitable to the 
private operators if load factors could be pushed up. Competition, however, 
brought a response from National Express (and from the Crown-owned rail- 
way which fought back with aggressive pricing policies of its own) both in 
terms of lower fares and improved service. The economies of scope enjoyed 
by National Express, and its aggressiveness, permitted recapture of the 
market from the independents on most routes. The threat of possible new | 
entrants would appear, however, to have prevented National Express from 
raising fares once a monopoly position had been established. 


National Express was privatized in 1987. Perhaps, had it been privatized 
seven years earlier, the deregulated industry might have developed differently. 


As in the United States, studies in Britain found reduced numbers of areas 
with good access to interurban bus transportation after deregulation. A 
commission of inquiry, four years after regulatory reform, concluded that 
most of the areas that lost a service already had a low level of service, and 
most of the residents were unaffected by the loss because they made little 
use of the service anyway.*4 


These discontinued services between urban centres were not considered to 
have left a significant number of people without adequate transport. The 
results, for local services linking rural areas and small communities to the 
larger centres, were quite different. This was more of a privatization than a 
deregulation exercise. Contractual subsidies, administered by the local (shire) 
authorities, prevented virtually any loss of service attributable to bus dereg- 
ulation or privatization. Considerable savings to the taxpayer were reported. 
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Australia 


Some Australian bus services have not been subject to economic regulation 
for many years. A 1955 court decision exempted Australian road transport 
from state economic regulation. The effect was, however, different from that 
of the analogous 1951 Canadian court (Winner) decision (see Appendix A). 
While all operations of Canadian carriers whose services extend beyond a 
single province are under federal jurisdiction, Australian interstate bus 
operators require state authorization to pick up and set down passengers 
whose travel is intra-state. 


While interstate bus services are essentially unregulated, and charter licences 
are generally subject only to “fit and proper” (fitness) entry tests and to 
vehicle safety certification, intra-state scheduled bus services are tightly 
regulated. This notwithstanding, competing bus services are not precluded 
as they generally are in Canada. The regulators tend to discourage bus ser- 
vices that compete with, rather than feed, rail. Competition between bus car- 
riers seems less of a concern. Varying degrees of competition are permitted 
on a variety of more major intra-state routes and on interstate routes where 
intra-state passengers are carried. Protection and cross subsidization of rural 
bus services do not seem to be a major rationale for Australian regulation. 


Although there are still more companies in the deregulated interstate bus 
industry than there were in the early 1980s, the economic downturn and 
possibly the effect on some routes of airline deregulation, have reduced the 
industry through failures and mergers. Most non-urban bus companies are 
privately owned but in one state the government owns a fleet. Each state 
tends to have a small number of major intra-state operators plus a large 
number of smaller “one-route” operations that link particular regions with 
the state capital. 


The intra-state carriers are strictly regulated as to approval to operate 
specific routes. Their fares are effectively controlled by the low (subsidized) 
rail fares. In two states, rail passenger transport is protected by regulating 
the bus companies to provide their service under contract to the railways. 
Fare levels do not show any sharp distinction between regulated/non- 
regulated routes or between routes on which competition does or does 

not exist. 


Experimental entry liberalization for two corridors in New South Wales 
(regulation was reduced to approval of service changes and 14 days’ notice 
of fare changes) led to lower fares, more service and a substantial capture 
of passengers from air, the automobile and (especially) rail. Terrain, size 

of market, and cost/price competition (particularly airlines) rather than 
regulation are the main influences on fare levels. 


On the question of remote services, most communities in settled Australia 
are served daily by bus and/or train and the remote areas once, twice or 
three times a week. In rare cases community transit feeds the nearest 
regulated bus route. 


As in Canada, there are a variety of local, regional and national carriers in 
Australia. In Western Australia the intra-state market is dominated by the bus 
operations of the state-owned railway; otherwise, privately owned carriers | 
are the norm. In mid-1990 there were four or five firms that might be con- 
sidered national in scope; now there are two, and these cooperate operationally 
with merger contemplated. In addition, there are local carriers affiliated with | 
and serving as feeders to the dominant Greyhound/Pioneer. 3 


Other Countries 


Although the most industrialized countries virtually all opted for bus regula- 
tion approximately 60 years ago, in many other nations unregulated private 
and very competitive bus industries emerged. These are nations with stan- 
dards of living below Canada’s, and where the demand for bus travel has 
shown, and for the most part still shows, healthy growth. 


In some of these countries, bus was regulated and then deregulated. In 
others, it was never regulated. In still others, regulation was simply ignored 
by many bus operators. Whether regulated or unregulated, bus industries 
internationally are rarely without problems that seem to suggest changes 
to the regulatory regime. 


General conclusions of those who have studied these bus industries include 
a tendency toward intense competition for passengers and the emergence 
of both high quality/price and low quality/price operations over the same 
routes. Independent minibuses appear on many shorter routes, and some 
powerful monopolies (with blatant abuses that would not be tolerated in 
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Canada) have developed. In general, the key to the prevention of abuses 
and achievement of a healthy competitive bus industry seems to have been 
strong competition legislation that is effectively enforced. 


10. Monopoty Power 


The success of relaxed economic regulation of intercity busing will depend 
on the practicality of competitive challenges to the present regional monop- 
olies. This could come from large bus operators expanding into each other's 
traditional markets. However, charter carriers and the small local operators 
that presently connect with the large monopoly carriers may be a more 
reliable long-term source for such competition. 


The existing Canadian bus carriers did not develop in a competitive market, 
and some are large and powerful — particularly those owning key terminals. 
Greyhound controls a sophisticated customer information system that 
could readily be extended to reservations and ticketing. 


Exchanging regulated bus monopolies for unregulated monopolies that set 
high fares would not be a step forward. Experience elsewhere, including in 
Britain, suggests that potential new competitors may require protection. 

A market open to entry will not function efficiently if carriers interested in 
expansion into an established bus company’s market are intimidated by 
monopolizing conduct of the dominant carrier. 


The topic of monopoly power is broader than the bus mode, but potential 
problems are particularly apparent in this context. For instance, enhanced 
general competition legislation could defend a competitor against pricing 
and other predatory practices used by a dominant carrier. The dominant 
carrier would sustain short-run losses in order to drive competition out of 
the market. Thus, it would seem prudent to strengthen Canada’s competition 
legislation to guard against this possibility. 


For the intercity bus market to operate competitively over the long term, ° 
potential competitors must have confidence that remedies to “abuse of 
dominant position” will be quick and firm to protect them effectively from 
anti-competitive acts, and to ensure that smaller carriers have a fair oppor- 
tunity to compete. The present Competition Act is a substantial advance 
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over its predecessor. The question is whether the Act and the adjudicative 
processes provide timely and decisive response and redress to encourage 
active and effective competition in a newly deregulated bus market. 


Protection for the small local carrier that might choose to extend its opera- 
tions into the routes dominated by a carrier many times its size, and with 
which it interchanges passengers and shares terminals, should fall within 
the “abuse of dominant position” and the “refusal to deal” provisions of 
the Act. Effective protection for the small potential competitor would also 
seem to require provision for compensation for damages resulting from 
anti-competitive acts engaged in by dominant firms, at least from the time 
of filing of a complaint. Although provision for damages would be similar to 
that under the criminal side of the Competition Act, enforcement under its 
civil provisions would seem a more effective approach for transportation. 


Competition policy is of much more general application than transportation, 
and must take into account a range of considerations — including jurisdic- 
tional ones — which may be complex. If, however, the intercity bus industry 
is to be opened and regulatory controls lifted, and competition is to prevail 
over monopoly, there are concerns to address. Otherwise, potential entrants 
into the scheduled intercity bus services market could be discouraged by 
fears of anti-competitive behaviour. 


11. CARRIER SUBSIDIES 


A point frequently raised in discussions of deregulation is that some areas 
of the country will lose public passenger service, and to the extent that ser- 
vice will be seen as essential, subsidization will be required. Subsidization 
of rural bus services was provided for with deregulation in Britain; it is 
encouraging that subsidy costs reportedly have been significantly less than 
had been budgeted. When the U.S. deregulated interstate services, subsidy 
of services to smaller communities was also presumed but considered a 
state responsibility by Congress. More recently, a decision was made to 
contribute federal moneys to small community intercity bus subsidies. 


In Canada, with regulation of the intercity bus industry still generally in place, 


there are instances of subsidy. Saskatchewan has two such programs. They 
support small carriers who supplement the services of the provincial Crown 
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corporation, which is the principal supplier of bus transportation within 
Saskatchewan. Subsidy can also be achieved through public (government) 
ownership and operation at a loss. 


Michigan, before deregulation, had a set of subsidy programs in place. These 
are more imaginative and varied than the traditional loss compensation 
programs and apparently have met the needs resulting from deregulation. 


11.1 SASKATCHEWAN 


There are three provincial government programs in Saskatchewan to 
ensure service to communities without sufficient traffic potential to make 
scheduled bus operations commercially viable. These are in addition to 
the government’s ownership of the principal intra-provincial bus carrier, 
Saskatchewan Transportation Company (STC). 


The Rural Bus Subsidy Program provides that if a bus operator applies to 


discontinue a service, and shows that it cannot be operated without a finan- 
cial loss, the Department of Highways may provide a subsidy for its continued 
operation. This is done by public tender, with the service awarded to the 
carrier requiring the lowest amount of subsidy to provide the specified ser- 
vice. For example, until recently, Moose Mountain Lines Ltd. operated the 
service between Regina and Maryfield, as well as the one to Rocanville. It 
applied to discontinue both because they were losing money. The services 
were put to separate tenders. Moose Mountain was successful on only one, 
and the Maryfield service was awarded to Frances Enterprises Ltd., which 
had submitted a lower bid. 


Under the Rural Transportation Assistance Program (RTAP) a community 
that can demonstrate a need for a bus service which is not, or no longer, 
being provided, can form a legal entity called a local transit authority (LTA) 
to provide the service. This LTA calls for tenders to operate a service linking 
the community to an STC point and awards a two-year contract to the suc- 
cessful bidder. Service is almost always provided with minivans. Fares are 
set by the provincial Department of Highways and Transportation (DHT). 
Revenues are collected by the LTA, which in turn pays the operator for the 
service. Shortfalls in revenue are met by the provincial government. 
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Finally, the relatively small Northern Feeder Program, which is similar to the 
RTAP, is specifically directed to ensuring service between remote communities 
in the northeastern part of Saskatchewan and STC points. 


Under these programs, 467,000 bus-miles (756,000 kilometres) were 
operated in 1990 and 25,000 passengers carried. The amount paid out was 
$420,000. The numbers for the three programs are shown in Table 6. 


Table 6 
SASKATCHEWAN INTERCITY Bus SuBsipy PROGRAMS 


Rural 
Rural bus | transportation Northern 
subsidy assistance feeder 


Bus-miles 210,000 191,000 467,000 


Passengers 12,000 8,000 25,000 


Subsidy $150,000 $265,000 $423,000 
— per bus-mile $0.71 $1.39 $0.91 
— per passenger $12.50 $33.12 $16.92 


The minivan services linking communities with the STC network under the 
RTAP require greater subsidization per bus-mile and per passenger than the 
standard bus services under the Rural Bus Subsidy Program. It is logical to 
assume that the latter are better used than the former. 


For perspective, it might be useful to compare these amounts with the sub- 
sidy paid in 1990 for operation of remote rail service between The Pas and 
Lynn Lake in Manitoba. VIA Rail handled about 8,600 passengers and was 
paid $1,596,000 ($186 per passenger), compared to the Saskatchewan bus 
subsidies of $423,000 for 25,000 passengers ($17 per passenger). The above 
should not, in any way, be interpreted as critical of the management of VIA 
which provides a different type of service subject to different costs; it is 
merely presented as an indication of scale against which the cost of the bus 
subsidies might be assessed. 


11.2 MICHIGAN? 
In the United States, the federal government has jurisdiction over interstate 


transportation, including buses. Operations within a state fall under state 
jurisdiction. The Bus Regulatory Reform Act of 1982 (BRRA) deregulated the 
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interstate bus industry. The states reacted in different ways. Some left 

the regulatory regime in place, others instituted various small degrees of 
deregulation. Two states, Florida and Michigan, removed all entry, exit and 
rate regulation immediately following enactment of the BRRA. 


Michigan does not simply provide state funds to make up the operating 
losses of bus services to ensure continuation of essential service. It does 
this when necessary, but only after evaluation of the service and a competi- 
tive bidding process to encourage efficiency and minimize cost. To reduce 
the necessity of these operating subsidies, the Michigan Department of 
Transportation (MDT) tries to retain service with other more imaginative 
schemes, which provide help to carriers and communities to improve the 
probability that service can be operated profitably. In one community this 
might be improvements to the bus terminal; in another, a new one. One 
area might be served by a carrier with buses owned by the state, in another 
there might be a major bus marketing campaign organized by a professional 
agency and funded by the state. 


Before deregulation, the MDT had a program in place to provide assistance 
to the intra-state scheduled bus industry. The Intercity Bus Program was 
planned as a result of the energy shortages of the early 1970s and was intro- 
duced in 1976. It comprises individual programs which provide assistance 
in a variety of forms. 


The Bus Passenger Terminal Program assists carriers or communities with 
the development, construction or rehabilitation of bus terminals. It also 
pays for security in terminals to improve safety, enhance perception of 
their safety and extend open hours. 


The Intercity Bus Capital Equipment Loan Program provides for the state 
to own buses and make them available to bus operators through a contract 
lease arrangement. This is intended to be in lieu of assistance under the 
Intercity Bus Operations Program, but can be an incentive to establish new 
bus companies. 


The Intercity Bus Operations Program uses the competitive bid process to 
fund “operating projects for purchase of intercity regular-route services” 

to prevent isolation of communities, to provide essential transportation, to 
respond to the effects of deregulation, and to introduce new services. Under 
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this program, an unprofitable service is operated under a two-year contract 
with the carrier which submitted the lowest bid. There are three other programs 
which support the Bus Operations Program. 


The Regular Route Saviour Program is intended “to create a climate in 
which bus companies can be profitable on a regular scheduled route and, 
thus, would not consider service elimination on that route.” State funds can 
be provided for public relations campaigns to educate the public about the 
importance of the bus services to the community. 


The Service Continuation Program provides funds to a carrier applying 
for discontinuance of service, which would cause isolation of an area. The 
funds enable the carrier to continue to provide service until an evaluation 
has been carried out and a contract has been awarded under the Bus 
Operations Program. A service which already has been discontinued can 
be resumed temporarily under this program. 


The Demonstration Project Program provides funds for experimental projects. 
These may include service to a new market area, innovations in public 
service or testing of new technology. 


12, GOVERNMENT OWNERSHIP OF CARRIERS 


Direct subsidy can be avoided through the ownership of bus transportation 
enterprises by federal, provincial or municipal governments. Most publicly 
owned carriers are established to provide service which is considered eco- 
nomically or socially necessary or desirable, but which is not provided, 

or adequately provided, by the private sector. A government service can 
be the sole or major provider of the bus transportation (as is the case in 
Saskatchewan), a supplement to the private industry (as in Prince Edward 
Island), or a regional service provided to encourage development (as in 
northern Ontario). 


Research suggests that Crown carriers are a relatively inefficient means of 
delivering transportation that might be deemed socially necessary. The 
international example, typified by Britain, has been toward privatization 
with revenue supplement through public tender if necessary. 
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MUNICIPAL GOVERNMENT OWNERSHIP 


A municipal or regional government's public transit system may expand 
into the intercity scheduled and charter market for a variety of reasons. 
One might be no more than an attempt to find a profitable sideline to help 
subsidize the transit system. Expansion of the scope of its bus operations 
might bring a city economic benefits from more effective links with other 
communities and outlying areas. 


Gray Coach Lines was originally the creation and subsidiary of the Toronto 
Transit Corporation (TTC) but was sold and is now in private hands. The 
TTC retained the bus terminal in Toronto, which it recently rebuilt. 


The Hamilton Street Railway, the urban transit system owned by the Regional 
Municipality of Hamilton-Wentworth, owns and operates Canada Coach 
Lines, a charter and scheduled bus operation. Its intercity scheduled service 
joins Hamilton with Buffalo and points throughout the Niagara Peninsula, 
as well as Brantford, Cambridge, Kitchener, Waterloo and Guelph. 


Its 1989 accounting records suggest that Canada Coach Lines is not subsi- 
dizing the public transit system or vice versa. It does provide, however, a 
service to the population of Hamilton-Wentworth, which probably also 
gains from the transportation links to the areas it serves. 


PROVINCIAL GOVERNMENT OWNERSHIP 


The Ontario Northland Transportation Commission (ONTC) is a money-losing 
but expanding organization. It was founded by the Ontario government 
about 90 years ago to provide transportation and communications services 
essential to the development of the northern part of the province. It now 
operates a network of rail, air, marine, telecommunications, trucking and 
bus services in northern Ontario. 


ONTC had consolidated operating profit in 1989 of $14.1 million, on revenues 
of $142.6 million. These revenues include $24.8 million of subsidy payments.°6 — 
Excluding these payments, ONTC had revenues of $117.8 million in 1989, 
and an operating loss of $10.7 million. 


VO 


ONTC’s bus division operates charter and tour services as well as a network 
of intercity scheduled routes. Recently, it has expanded out of the remote 
access role for which it was created. The bus division earned revenue in 
1989 of $5.1 million (which includes no subsidy payments) and experienced 
an operating loss of $79,000. In the previous year its operating loss was 
$319,000, on revenues of $4.3 million. 


Too recent to be reflected in the above results, Ontario Northland’s bus divi- 
sion has purchased the rights from Gray Coach Lines to operate scheduled 
services on a number of routes north from Toronto. As mentioned above, 
the new routes will enable ONTC to operate from its present territory through 
to Toronto, and to expand into the Bruce Peninsula. Also included are con- 
tingent charter and tour rights. The new routes which will connect Toronto 
with its present northern network have been advanced as a logical and 
practical expansion of ONTC’s northern development role, notwithstanding 
the fact that the Sudbury—Toronto route is served by Greyhound. 


The new routes to Midland, Penetang, Collingwood and Owen Sound, how- | 
ever, are more difficult to rationalize with the original objectives of Ontario 
Northland. The area is not lacking in development nor infrastructure. The 
routes are served by Penetang-Midland Coach Lines, with at least two daily 
departures each way in the Collingwood and Owen Sound service, and at 
least three in the Midland and Penetang service. It would appear, therefore, 
that this acquisition is an expansion of ONTC’s bus network to meet its own 
commercial objectives and an expansion of its mandate beyond that of an 
instrument of development for northern Ontario. 


There are two other examples of provincial Crown corporations operating in 
Canada, a rather large one in Saskatchewan and a very small one in Prince 
Edward Island. 


Saskatchewan has the most extensive bus network of any province in the 
country. Most of the intra-provincial routes belong to Saskatchewan Trans- 
portation Company (STC). As described earlier, its service is supplemented 
by private carriers operating over connecting routes, particularly in the 
northeast, on behalf of STC, or under one of the province’s subsidy programs. 
Fares in Saskatchewan are among the lowest in the country; this low level 
applies to the Saskatchewan segments of Greyhound’s trans-Canada routes 
as well as to the intra-provincial network. 
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For the year ending October 31, 1990, STC incurred a loss (after deprecia- 
tion and interest) of $5.339 million, on revenues of $16.216 million. This loss 
is 17 percent greater than it was in the preceding year, and 90 percent greater 
than in 1985-86. When combined with the $423,000 cost of subsidy pro- 
grams described earlier, this loss represents a total subsidization of the intra- 
provincial bus industry by the Saskatchewan government of $5,762,000. 


STC operated 5.63 million bus-miles and carried 648,000 passengers in 
1989-90. The operating loss is equivalent to 95¢ per bus-mile, or $8.24 per 
passenger. This is more per bus-mile than the cost of the Rural Bus Subsidy 
Program, but less per passenger.?’ The difference per bus-mile suggests that 
the small contract carriers under the Rural Bus Subsidy Program, operating 
services not sufficiently profitable for STC, are doing so at a higher level of 
cost efficiency than STC, with presumably lower load factors and shorter trips. 


The Government of Prince Edward Island owns Island Transit, which is 
small and operates a summer-only scheduled service. Until this summer it 
also operated a service from Charlottetown to New Glasgow, Nova Scotia, 
via the Wood Islands ferry. Island Transit does not operate charter or tour 
services. As already discussed, SMT (Eastern) of New Brunswick is the 
major carrier in Prince Edward Island. 


FEDERAL GOVERNMENT OWNERSHIP 


Before joining Canadian Confederation in 1949, Newfoundland had a 
government-owned national railway, which provided most of the passenger 
and freight transportation in the country; coastal vessels were the other 
important mode. 


The Terms of Union? called for the Government of Canada to “take over... 
and... relieve the Province of Newfoundland of the public costs incurred in 
respect of... the Newfoundland Railway” (paragraph 31), and the railway 
became the property of Canada (paragraph 33). The Canadian government 
incorporated the Newfoundland rail service in the mandate of its Crown 
corporation Canadian National Railways. 


As was happening throughout North America, the car and the truck began 


to grow in importance in intercity passenger and freight transportation. This 
was aided by completion of the Trans-Canada Highway in Newfoundland. 
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Soon the viability of the railway service in Newfoundland was questioned. 
By 1968, after a lengthy campaign, CN received permission to abandon its 
passenger rail service on condition that it substitute an equivalent bus 
service. The result is that the major passenger carrier in Newfoundland, 

CN Roadcruiser, is a bus service owned and operated by the federal govern- 
ment. It is also the only bus service under federal regulatory jurisdiction 

(for reasons described earlier). 


Roadcruiser loses money. It does so operating over the province’s densest 
corridors, while smaller locally managed operations seem viable. The 
Roadcruiser operation, until recently, was included in CN’s railway organi- 
zation as an operating division with the typical railway organization and 
management structure designed for, and experienced in, operating a freight 
railway. A few years ago, this was changed and Roadcruiser was given its 
own organization, more suitable to a bus operation, but still reporting to 
senior railway freight experts. 


Roadcruiser’s driver costs appear to be appreciably higher than the industry . 
average. CN’s vice president in Moncton explained that this results from 
drivers being railway employees, who have benefited from wage levels 

and increases over the years enjoyed by employees of the railway industry | 
across Canada. CN is hoping to separate Roadcruiser employees from the 
labour contracts and wage levels of their rail operations, but does not 
expect this to be an easy or short-term project. 


Roadcruiser could be described as an evolutionary anomaly. It is the only 
bus service operated by CN, and the only passenger service. In 1949 it was 
part of a rail operation and, at that time, CN operated rail passenger services 
throughout Canada. Neither is true now, but history has left a reluctant CN 
with a passenger bus service. Logically CN should be relieved of this opera- 
tion, but this probably will happen only after agreement has been reached 
to provide financial compensation from the federal government. 


There are a number of ways Roadcruiser could be removed from CN. Its 
assets and rights could be sold to a private carrier. It could be taken over 
and operated by the province. Subsidized operation over its routes could be 
arranged by public tender (there are a number of small rural bus lines in 
Newfoundland). Under any of these alternatives, the operation would revert 
to provincial jurisdiction®? under existing legislation. Unless costs could be 
reduced without any revenue depletion, fares would rise or subsidies would 
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persist. The operation has, in the past, been perceived as a constitutional 
obligation of the federal government. When the Newfoundland railway 
was shut down in 1988, however, Premier Peckford stated publicly that no 
constitutional obligation to maintain the railway existed. 


13. SCENARIO FOR THE FUTURE 


The Motor Vehicle Transport Act, 1987,°° implemented a substantial measure 
of deregulation for trucking, but did not extend it to busing. It would be 
difficult for the Commission to ignore the question of whether the “reverse 
Onus” principle should be extended to bus regulation, or whether some 
other form of deregulation or regulatory revision should be recommended. 


Although the broad deregulation of extra-provincial bus undertakings is not 
the only option for change, it is the most extreme. The deregulation scenario 
assumes substantial — even dramatic — change for Canada’s intercity bus 
industry. The federal Motor Vehicle Transport Act is presumed amended 

to relax the regulation of extra-provincial busing. Faced with the potential 
flight of aspiring new competitors and territory defenders alike to federal 
jurisdiction, the provinces follow suit. 


The revised legislation reduces entry restrictions to a performance bond 
and adequate insurance. The bond is against prepaid tickets and for route 
abandonment without the required (four. weeks) public notice. Provisions 
require tariff filings, and schedules and fares publication. 


Fare increases are subject to publication with two weeks’ notice. There are 
no onerous filing and publication requirements. Prominent display at a com- 
pany’s terminals and on its buses is all that is required. A copy of the posted 
notices mailed to the National Transportation Agency-constitutes filing. 


A provision in the legislation specifies that, in spite of the residual degree of 
regulation, the bus mode is subject to competition legislation. Further, sanc- 
tion of collective rate making is restricted to joint interline and/or intermodal 
fares. The Competition Act is presumed amended to include provision for 
private parties to bring “abuse of dominant position” and other reviewable 
trade practices before the Competition Tribunal. There is also provision for 
awarding damages for conduct contrary to a civil provision of the Act. 


ME 


It is safe to assume there would be changes if the industry were deregulated. 
What these changes might be would depend, however, on many factors 
other than the regulatory regime. These include economic conditions, gov- 
ernment policies in related areas, such as highway policies or fuel prices, 

or in not directly related areas, such as taxation policy. 


There would be changes in or removal of situations which exist only because 
of regulation. Cross subsidization, that is, unprofitable but obligatory services 
financed by profitable services, was discussed earlier. This is a standard 
characteristic of a regulatory system which provides exclusive rights to a 
carrier in a region; the profits from “monopolistic pricing” are in effect 
“taxed back” in the form of unprofitable but socially desirable services. 


With deregulation, these carriers would be deprived of their exclusive 
rights. Their profitable routes would be subject to competition, and the 
fares they charge would presumably be reduced. This removes the financial 
ability and incentive to provide unprofitable services. Regardless of what 
happens to its prices, the carrier would no longer have reason to finance 
services that, on the margin, were unprofitable. 7 


The bus industry has told us that, without the present system of regulated 
monopolies, many small communities would lose their service. This is the 
predominant defence of the status quo. It is asserted that regular service to 
small communities at restrained prices is only possible because carriers are 
required or expected to provide it as a condition of authorities to operate 
profitable scheduled routes and charter services. One carrier officer stated 
that the day after regulatory reform his company would withdraw service 
from more than a hundred communities. But, there are reasons why carriers 
might be cautious and analyze the market carefully before abandoning 
feeder routes that might give a potential competitor a strategic advantage. 

‘ 
In a newly deregulated environment, identification of the correct commercial 
decisions would be difficult. Some carriers who terminate services might 
find that the loss of elements of their networks undermines their competitive 
position in the passenger and parcel markets as a whole. 


It is safe to assume that a significant proportion of routes would be discon- 


tinued, and some communities deprived of service. Where the affected 
population or government consider some public transportation to be 
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socially necessary, or necessary to improve or ensure the economic viability 
of acommunity or area, a way would be found to provide it. Some of these 
routes would survive in much the same form, but with reduced frequency 
and increased prices. In other areas, the vehicles used to provide the service 
would be more suitable to volume demands. Thus, more smaller, older buses 
and part-time operators with minivans would appear in lower-population 
regions. As already described, this is a common practice in Newfoundland. 


Some of the routes apparently sustained by cross subsidization are unprof- 
itable only if analyzed in isolation. These make a contribution to the profits 
of other routes by feeding traffic to them, or providing connections crucial 
to the attractiveness of the bus service. It, however, is unlikely that the bus 
system would develop or sustain a hub-and-spoke network directly compa- 
rable to what has occurred for air because each spoke would be a local 
service capable of stopping en route, unlike the airlines’ networks where 
all passengers are brought to the hub for potential onward connection 
regardless of their intended destination. 


It is probable that the core high-density routes in any region would be oper- 
ated by a single, large dominant carrier, possibly two, with the economies 
of scale derived from the flexibility of a large fleet, terminals in major cities, 
automated systems for tariffs, ticketing, reservations and scheduling, and a 
large-scale marketing and advertising program. Feeder services would not 
make profitable components of this carrier’s empire, and one would expect 
to see them operated by a plethora of small regional or local bus lines, some 
of whose cash box (passenger and package) revenues would be supplemented 
_by commissions from the core carrier. 


Whether these would be franchised carriers, using the core carrier's name 
and logo (“Greyhound Puppies” and “Voyageur Cubs” ?) or interlined in 
some less complete way and perhaps not paid for transferred passengers 
could mean the difference between success or failure of the low-density 
routes. The carriers which connect with the mainline (probably continental) 
carrier in the latter’s bus terminals in major centres, would also have small 
offices in hotels or other locations in some communities. The others, the 
non-interlined, would merely pick up and drop off passengers at hotels, 
street corners or designated highway locations with the more successful 
among them finding other local connections to serve. 
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In an environment of reduced regulation, the large dominant carriers are 
not expected to be completely immune from competition. There would be 
instances of some degree of challenge on the high-density routes, probably 
both by high performance and comfort, and by low-cost bargain services. 
So long as the adopted, reformed regulatory regimes contained effective 
and speedy remedies to predation, the ability of even a single continental 
carrier to exact excessive monopoly rates should be controlled. 


A continental bus carrier may not serve the entire country. It is possible 
that in some areas, such as eastern Quebec and the Atlantic provinces, the 
combination of a strong local competitor and limited volumes would deter 
attempts at entry from major outside carriers. The result would be a propor- 
tionately smaller but equivalent regional network, again a single dominant 
carrier, with a network of local feeder lines. 


Specialized bus systems would find niches. Some would be a form of com- 
muter service, linking large cities with areas outside the range of urban 
transit, perhaps even intermingling with the transit system. Others would 
serve the needs of a region, such as the Bruce Peninsula or Vancouver 
Island, providing intra-regional bus services, rather than connections 
between big cities. Another example of similar systems would be summer- 
only services in tourist or summer cottage regions. There are examples of 
these services now. 


Bus service pricing would change considerably. The one, possibly two, 
major core bus network(s) would require rather high load factors to support 
large-scale operations and investment. This would necessitate a more Sci- 
entific and creative pricing system than is in place now in most bus compa- 
nies. This is not to suggest any deficiency in the industry itself. Voyageur 
Colonial, for one, has several discounts, same day return fares and other 
incentives in place. The main factor preventing more pricing initiatives is 
the generally high level of fare regulation. 


The objective, to keep buses full, can be pursued on two fronts. One is the 
reduction of imbalances in traffic, and the negative effects they have on 
fleet size and average use of almost all assets. The other is the increase of 
traffic volume, involving growth in the travel market share (intermodal 
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competition) and growth in the total travel market. There would be fare 
incentives to promote travel in off-peak seasons of the year, off-peak days 
of the week, and off-peak times of the day. There would also be innovative 
pricing and other incentives along the lines of excursion fares and tour 


packages including hotels to encourage people to travel or to travel without 
their cars. 


APPENDIX A 


HISTORY OF REGULATORY RESPONSIBILITY FOR INTERCITY 
BUS TRANSPORTATION 


Early History 


Under the provisions of the British North America Act, 1867,*' section 92, 
the provinces have the authority to regulate highways and the manner in 
which they are provided. By extension, the provinces have authority over the 
users of these highways, and this includes public buses. Section 92(10)(a), 
however, describes certain exceptions to provincial jurisdiction, including 
“Works and Undertakings connecting the Province with any other or others 
of the Provinces or extending beyond the Limits of the Province.” 


In 1949, Israel Winner of Lewiston, Maine, applied for and was granted a 
licence by the Motor Carrier Board of New Brunswick, to operate public 
motor buses from Boston, Massachusetts, through New Brunswick to Glace | 
Bay and Halifax, Nova Scotia, and vice versa. The licence contained the 
restriction “not to embus or debus passengers in the said Province of 

New Brunswick.” Winner considered the New Brunswick legislation under 
which the licence was issued to be ultra vires. Consequently, he ignored 

the restriction and carried passengers to, from and between points in New 
Brunswick, along the route over which he was authorized to operate. 


SMT (Eastern) went to court seeking an injunction to restrain Winner from 

embusing and debusing passengers within the province; a declaration that 
he had no legal right to do so; an accounting of fares received for this; 

and damages and costs. The legal questions were referred to the Supreme 
Court of New Brunswick, which ruled the licensee was prohibited from his 

actions, and the legislation under which he was prohibited was “intra vires 
of the Legislature of the Province of New Brunswick.” 


Winner appealed to the Supreme Court of Canada, which, in a 1951 majority 
decision, ruled that “a bus line consisting of the service of carriage along 
with the means and organisation, may be an ‘undertaking’ within s. 92(10)(a) 
of the B.N.A. Act. ... [and that] federal authority attaches to an undertaking 
although it originates in a foreign country (e.g., in the United States) and 
connects with one or more Provinces. Nor need the connection be physical.” 
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In regard to the intra-provincial operations of an extra-provincial carrier, the 
Court ruled: 


the Province has power to control purely intraprovincial bus traffic. In 
this respect there is a difference in the position of an interprovincial or 
international bus line and the position of an interprovincial or interna- 
tional railway or telegraph system. These latter are specifically men- 
tioned in s. 92(10)(a) and all their operations in their constitutional 
ambit fall within exclusive federal control regardless of the geographical 
points within which they occur. 


The Supreme Court decision was reviewed by the Judicial Committee of the 
Privy Council which, in 1954, reversed the latter ruling, finding instead that 
as with a railway or telegraph system, the federal government has jurisdic- 
tion over all of the operations of a highway transport carrier ee engages 

in any interprovincial or international operations. 


The federal government came unexpectedly and immediately under strong 
pressure. The administrative infrastructure was not in place to take over 
motor vehicle regulation immediately. Meanwhile, the industry was trying 
to promote this new opportunity to escape from multiple regulatory juris- 
dictions. At the same time, however, the provinces made strong representa- 
tions for mandated control over extra-provincial motor vehicle carriage. 
Control over motor vehicle operations, particularly trucking, provided an 
important source of political and commercial influence for provincial 
governments. 


The federal Motor Vehicle Transport Act (MVTA) was enacted in 1954. It 
delegated federal authority over all the operations of extra-provincial motor 
carriers to the provinces. The provincial regulatory boards retained this 
authority, subject to the power of the federal government to “exempt” a spe- 
cific motor vehicle undertaking from its terms, thus returning it to federal 
jurisdiction. | 


Existing Legislation 


The Motor Vehicle Transport Act, 1987 was substantially changed from the 
1954 Act with respect to trucking, but for bus it is essentially unchanged. In 
Part |, Bus Transport, it reads: 


P1203 


Operating Licence 


4. Where in any province a licence is, by the law of the province, 


required for the operation of a local bus undertaking, no person 
shall operate an extra-provincial bus undertaking in that province 
except under and in accordance with a licence issued under the 
authority of this Part. 


The provincial transport board in each province may, in its discre- 
tion, issue a licence to a person to operate an extra-provincial bus 
undertaking in the province on the like terms and conditions and 
in the like manner as if the extra-provincial bus undertaking were a 
local bus undertaking. 


Tariffs and Tolls 


6. Where in any province tariffs and tolls for local bus transport are 


determined or regulated by the provincial transport board, the 
provincial transport board may, in its discretion, determine or 
regulate the tariffs and tolls for extra-provincial bus transport 
on the like terms and conditions and in the like manner as if the 
extra-provincial bus transport were local bus transport. 


Also, Part IV, Exceptions and Enforcement of the Act states: 


Exemption 


16. The Governor in Council may, by regulation, on the recommenda- 


tion of the Minister made after consultation by the Minister with 
the government of each province affected thereby, exempt from 
the application of this Act or of any provision of this Act, either 
generally or for a limited period or in respect of a limited area, any 
person, the whole or any part of any extra-provincial bus under- 
taking or extra-provincial truck undertaking, every extra-provincial 
bus undertaking or extra-provincial truck undertaking, any group 
or class of such undertakings or any extra-provincial bus transport 
or extra-provincial truck transport. 


Experience with the Exemption Provision 


The only exemption to provincial regulation under the provisions of the 
MVTA has been in Newfoundland. (While this exemption occurred under 
the 1954 Act, the relevant provisions of the 1954 and 1987 Acts are very 
similar.) A Canadian National Railways subsidiary, CN Roadcruiser, was 
introduced in 1968 when authority was granted to abandon the passenger 
rail service (the Newfie Bullet). CN Roadcruiser was authorized to operate 
in accordance with the provincial Motor Carrier Act. A series of appeals 
by Roadcruiser against the 1971 disallowance of a tariff by the Board of 
Commissioners of Public Utilities of Newfoundland (PUB), culminated in 

a 1975 Supreme Court decision that the service should be regulated under 
the federal legislation. | 


This changed the legislative authority under which Roadcruiser operated, 
but it did not remove it from the jurisdiction of the PUB. The PUB issued the 
appropriate certificate of authority, but placed restrictions on its tariff, which 
Roadcruiser appealed. Poor relations between Roadcruiser and the PUB 
eventually resulted in service being halted. The Government of Canada issued 
an Order in Council exempting the Roadcruiser service from the MVTA pur- 
suant to section 542 of the Act. Under the National Transportation Act (1967) 
the Roadcruiser service then became subject to regulation by the Canadian 
Transport Commission.*? 


As viewed from our present perspective, the Governor in Council exempted 
a purely intra-provincial bus operation where the extra-provincial parent 
(Canadian National Railways) had no bus operations anywhere else in the 
country. This of course results from the Supreme Court decision that the 

. service was “a part of the total Canadian Passenger Service operated by 
Canadian National and therefore should properly be regulated under the 
federal [Act].” Of course, now this is Canadian National’s only passenger 
service as well as its only bus service, and it is interesting to speculate what 
decision the Court might reach today. 
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Local service in Newfoundland is by a number of small operators, often with small 
vehicles. 


In the case of Greyhound, reference is to the charter use of its “Greyhound” line-haul 
buses. The company also owns Brewster Transport Company Ltd., which operates 
exclusively in the charter market. (Gome Brewster buses are chartered occasionally by 
Greyhound during peak demand.) 


Excluding Brewster. 

Most of this section was prepared by Royal Commission staff member Pierre Dulude. 
Experience with wheelchair-accessible coaches has been disappointing. Ridership by 
those requiring the facilities has been very low. The incremental cost per passenger with a. 
mobility impairment has been very high. Industry asks us who will pay the cost and ques- 
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Official Canadian Bus Guide (Cedar Rapids, lowa: Russell’s Guides, Inc. January-March 1991). 
The provisions of this Act and its history are discussed in Appendix A. 

Two studies of the bus industry were undertaken for the Commission by consultants: Peat 
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pared for the Royal Commission on National Passenger Transportation, RR-02, July 1991; 
Hickling Corporation, Regulatory Reform in the Intercity Bus Industry: An International 
Comparison, a report prepared for the Royal Commission on National Passenger 
Transportation, RR-06, September 1991. 

Voyageur Colonial’s former sister company in Quebec. 


See endnote 7. 


Owned by Pacific Western Transportation Ltd., Calgary. 


-Lorraine C. Hope and Barry E. Prentice, Transport Institute, University of Manitoba, 


Analysis of Scheduled Bus Service in the Canadian Prairies (Draft), prepared for Economic 
Research Branch, Transport Canada, TP 11135-E, October 1991. 


Like Red Arrow, Western Trailways is owned by Pacific Western Transportation Ltd., Calgary. 
See endnote 7. 


There is little (if any) price competition in the scheduled intercity bus industry. This is 
discussed later in section 6.2 which deals with intra-modal competition. 
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See endnote 7. 


Bus fares used here are from the Canadian Passenger Tariff No. 1 (Chicago, Illinois: 
National Bus Traffic Association, Inc.). They are the fares in effect July 15, 1990, just 
before the Commission’s public hearings. They are used here to compare fare levels 
within the bus mode, rather than to make comparisons between modes, or to try and 
estimate current travel costs. 


Generally, carriers operate in miles internally (there are exceptions) and convert to kilometres 
when required. 


Newfoundland is not included in this discussion of interprovincial fares. Fares are not 
published nor tickets sold between points in Newfoundland and other provinces; not even 
tickets for the ferry service to Nova Scotia are available from Roadcruiser. 


Voyageur Colonial significantly increased and restructured its fares during 1991 (in response 
to increased use of discount fares by VIA Rail). 


The word “competitive” is used loosely in this context. It refers to segments over which 
buses of more than one carrier operate. These may be no more than relatively short over- 
laps of two routes, or they may be routes where two or more carriers compete. For instance, 
Greyhound and Gray Coach Lines do compete on the Sudbury—Toronto segment. 


365 miles for the local service at the same fare. 
See endnote 1. 


This service is licensed as Airways Transit Service Ltd. Also noteworthy in this context, 
a service operated by Quick Coach Lines Ltd., and licensed to operate from Vancouver to 
Bellingham and Sea Tac airports, and to (actually through) downtown Seattle, provides 
service to intermodal travellers and to origin-destination travellers (in competition with 
Greyhound). 


The cost and revenue schedules, from which these conclusions have been reached, were 
developed from corporate data provided to the Royal Commission’s Research Division 
in confidence. 


Explorations of this question with analytical staff of another major carrier revealed that it 
will be very difficult for carriers, faced with a newly deregulated environment, to identify 
the correct commercial decision in every case. Doubtless, were deregulation to occur, 
some carriers who terminate services might find that the loss of some of these elements 
of their networks undermines their competitive position in the passenger and parcel 
markets as a whole. 


Canadian Passenger Tariff No. 1. 
The methodology does not account for other fare levels (discounts for senior citizens or 
students, same day return reduced fares, etc.), and to that extent the calculated break- 


even passenger load is understated. 


For a local service, the sum of the individual bus fares for the route segments was used. 
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This would seem a reasonable assumption, particularly if one considers the low absolute 
level of present fares for the usually short trips concerned, and/or if one accepts the 
argument that the withdrawal of service would cause severe social hardship. 


Most of the material in this section was taken from two reports on the bus industry prepared 
for the Royal Commission: Peat Marwick Stevenson & Kellogg, Intercity Passenger Bus 
Regulation, RR-02, July 1991, and Hickling Corporation, Regulatory Reform in the Intercity 
Bus Industry: An International Comparison, RR-06, September 1991. 


Jose A. Gomez-lbanez and John R. Meyer, “Privatizing and Deregulating Local Public 
Services, Lessons from Britain’s Buses,” APA Journal 9, winter 1990. 


Hickling, Regulatory Reform, citing European Council of Ministers, Regulating Reforms in 
the Transport Sector, Madrid, 26-27 May 1987. 


The information in this section is taken from the report by Peat Marwick Stevenson & 
Kellogg, Intercity Passenger Bus. 


These payments include compensation of $22.4 million from the Ministry of Northern 
Development and Mines, in accordance with a fixed-price contract, for operations desig- 
nated “non-commercial”: rail $17.8 million, air $4.5 million; and marine $62,000. The 
remaining $2.4 million was compensation from the Government of Canada for losses on 
the passenger rail service between North Bay and Toronto, in accordance with section 261 
of the Railway Act. 


The higher amount per bus-mile and lower amount per passenger probably reflect higher 
average load factors. 


Newfoundland Act, R.S.C. 1985, Appendix II, no. 32. 


The Supreme Court’s reason for its 1975 decision was that the bus service was a part of 
the total integrated bus-ferry passenger service operated by CN, and particularly its inte- 
gration with the ferry mode. Presumably, with other than CN operation this no longer 
would be true. In this regard, it is noted that CN no longer operates the ferry service. 


See Appendix A. 
Now called the Constitution Act, 1867. 


MVTA section 6 (previously section 5) stated: 


6. The Governor in Council may exempt any person or the whole or any part of 
an extra-provincial undertaking or any extra-provincial transport from all or any 
of the provisions of this Act. R.S., c.M-14, s.5. 


This wording seems, to the layman, merely a more concise (if less conciliatory) 
expression of the MVTA, 1987 section 16 quoted earlier. So, similar power persists. 


As with the MVTA, the NTA of 1967 and the NTA, 1987 are similar in this regard. Part !V 
of NTA, 1987 provides for the regulation of bus transport by the National Transportation 
Agency but specifies: 


184. (1) While the Motor Vehicle Transport Act, 1987 is in force and notwith- 
standing anything in this Act, this Division applies only in respect of such extra- 
provincial bus undertaking or such part thereof as is exempted from the applica- 
tion of the Motor Vehicle Transport Act, 1987 pursuant to section 16 of that Act. 
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VIA RAIL SERVICES: ECONOMIC ANALYSIS 


Charles Schwier* and Richard Lake** 
July 1992 


1. INTRODUCTION 


This paper examines the present cost structure of VIA Rail Canada and pre- 
sents a costing model which allows for the determination of fully allocated 
costs by groups of VIA Rail passenger services and the integration of antici- 
pated changes in the efficiencies, equipment and mode of operation for 
future railway passenger services. This model is then used to examine the 
total costs, financial results and projected deficits for a variety of Canadian 
rail passenger services. Recent Canadian results are compared to the results 
of the United States railway passenger system, Amtrak. The context for the 
economic analysis of VIA Rail is also presented. 


Section 2 provides a historical summary of VIA’s overall financial and oper- 
ational indicators plus a service-by-service summary of 1989 results. Although 
later data are available, circumstances (particularly in 1990) were most unusual; 
reference is only made to these results as they might indicate trends unre- 
lated to or beyond the major service cuts executed during that year. 


Section 3 describes the costing model and procedures for projecting the 
future financial viability of VIA’s services. The Montreal—Ottawa-T oronto 
service group is used as an example. Using this model, Section 4 summarizes 


* Canadian Institute of Guided Ground Transport. 


** The Research and Traffic Group. 
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the projected costs and revenues for a number of VIA’s service groups 
assuming what for convenience is called a “steady-state environment” or 
“adjusted case” which allows for improvements from emerging demand 
growth, productivity improvements and equipment upgrades reasonably 
foreseeable in the next few years. 


In Section 5, the recent financial experience of VIA is contrasted briefly with 
results for a number of foreign passenger railway systems. The financial 
progress of Amtrak is examined in more detail and compared with VIA’s 
financial experience. Reasons for differences are offered. 


Sections 6 and 7 consider the institutional and policy-setting environment in 
which VIA has operated and the way in which this setting may have affected 
the internal operations of VIA. Of special interest is the influence these fac- 
tors may have had on VIA not achieving the level of financial improvement 
that Amtrak has experienced over its first 15 years of life. Implications 
concerning VIA direction and management are discussed in Section 7. 


In Section 8, each of the eight mandatory remote services which VIA operates 
are examined in some detail, especially the ridership patterns and options 
for the future. 


The prospects for viability of VIA’s rail passenger services and the concerns 
that large VIA subsidies pose with respect to equal treatment of modes are 
discussed in Section 9. This is followed in Section 10 by an estimation of 
the one-time costs that would be incurred if VIA — and federally supported 
rail passenger services — were terminated. 


1.1 RAIL’S INHERENT CHARACTERISTICS 


The transportation of passengers by rail has certain inherent characteristics 
that distinguish it from the service provided by the other modes. These are 
the characteristics that attract those who extol the virtues of rail, and they 
are the characteristics that should dictate VIA Rail’s niche as Canada enters 
the next century with a mature transportation system. 


Capacity 


Trains can move a large number of people. A double track could handle 
25 trains per hour each way, each carrying in excess of a thousand persons.1 
This is three times the hourly capacity of a four-lane freeway with an average 
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of two persons per car. It equals the hourly capacity of four runways handling 
aircraft each carrying 350 passengers. It would be, however, of less capacity 
than a two-lane highway dedicated to 47-passenger buses. Regardless, such 
capacities are an order of magnitude above anything VIA Rail might have 
reason to contemplate. 


Service Capability 


Rail is able to provide very comfortable service with a wide range of ameni- 
ties, and can do so at speeds of 300 kilometres per hour.? Magnetic levitation 
will probably allow speeds of 500 kilometres per hour. Railway technology 
is capable of operation under extreme weather conditions and with zero 
driver visibility. 


Environmental Impact 


Railway noise has a substantial but local effect. Tracks can interrupt 
drainage and trains can be a hazard to wildlife if the right-of-way is not 
fenced, and an obstruction to animal migration where it is fenced. However, 
rail does not allow uncontrolled access by passengers to sensitive areas 
through which the track passes. 


It is practical to operate trains using electric power. If this power were gen- 
erated from hydraulic or other non-combustion sources, rail could be the 
least emissions-causing mode. Current railway diesel systems, however, 
emit both carbon dioxide and nitrogen oxides (that cause harm to both the 
natural environment and human health). For current railway services in 
Canada, emissions per passenger, while often lower than for cars, are sub- 
stantially higher than for intercity bus. Transcontinental train (sleeper) travel 
with current equipment can consume more fuel per passenger than any 
other mode, and thus pollute more. 


Economics 


Operating a railway passenger service is expensive. Track is expensive to 
build and expensive to maintain. A rail car is many times heavier than a bus | 
and, with its share of the locomotive, costs 7 times as much while having a 
capacity of less than twice as many passengers. The operation and control 

of trains are complicated and labour intensive. Cost per train hour is high. 
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If trains are to be economical, relative to the other modes, they must be 
intensively used. One must move a lot of seats quickly, and they must be full. 
Rail can only be successful if it is fast and supported by many riders who 
value the comfort and amenities it offers and are prepared to pay for them. 


1.2 CANADA’S RAILWAY PASSENGER SERVICES 


For more than half a century the railways were the only practical means 

for passengers to cross Canada or to reach its interior. Alternatives to rail 
travel were best characterized as tests of endurance and survival; they were 
adventures suited only to the fittest. Most of interior Canada’s population 
arrived by train. 


While the railway is important in Canada’s history, the present is quite 
different. Even in the developing world, few countries depend on rail for 
their basic passenger access. In Canada, use of rail has faded. Rail remains 
an important long-distance mode in China, India and Russia, and it is impor- 
tant in the more compact countries of developed Asia and Europe, but not | 
for long-distance travel. Passenger rail in Japan and Europe is essentially a 
short distance mode; most travel is less than 100 kilometres. As in Canada 
and the United States, passenger rail in Europe and Japan is, on average, 
subsidized. 


In 1976, Dr. R.A. Bandeen, then President of Canadian National, apparently 
without the knowledge of the government, sponsored a major promotion 
of an Amtrak-style approach for railway passenger services in Canada. He 
had a turbo train painted blue and yellow, with the now familiar VIA logo, 
and operated it with passengers — mostly reporters — at a record speed 
approaching 230 kilometres per hour over a measured mile on a run from 
Montreal to Kingston. The promotion was a media success. 


VIA Rail Canada Inc. was incorporated in January 1977 as a reorganization 
within Canadian National Railways. Within a matter of months the govern- 
ment had adopted the VIA Rail concept and organization, and the corporation 
was formally purchased from CN for $100,000 as of December 1977.3 
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Canada’s national railway passenger corporation (VIA) inherited most of 
the nation’s passenger operations when the federal government relieved 
Canadian National Railways and Canadian Pacific Limited of the responsibility 
for these services. Unlike the passenger railways of other countries, including 
the Amtrak system, VIA Rail (route map illustrated on Figure 1) does not 
own or operate a major track system. 


Creation of VIA Rail was promoted as heralding a new era of improved pas- 
senger rail services. VIA took over all existing CN and CP intercity services 
with the exception of minor Newfoundland mixed trains (combined passen- 
ger and freight) and one mixed train in Alberta. The organizational separation, 
that led to VIA Rail as a railway passenger Crown corporation in December 
1977, was initially upbeat, but soon became a less pleasant divorce. More than 
a decade later, disputes persist over how much VIA should pay, particularly 
to CN, for equipment and services and for use of the stations and tracks. 


2. VIA RAILS PERFORMANCE 


2.1 VIA’S PERFORMANCE 1980-1989 


Table 1 summarizes VIA’s financial and operational results from 1979 
through 1991. For comparison purposes, this study has focussed on 1980 
through 1989, 1980 being the first year in which VIA had full responsibility 
for operation of most passenger trains in Canada, and 1989 being the last 
year before the significant downsizing of VIA’s network and operations 
disrupted the data time series. 


During the 1980s, annual passenger volumes dropped 15 to 20 percent from 
7.6 million to 6.4 million. Passenger-kilometres dropped by 21 percent over 
the same period, reflecting shorter average trip lengths. To a large extent, 
this can be attributed to a progressive reduction in the number and extent of 
routes offered; total train-kilometres dropped by 16 percent over the same 
period. A measure of passenger density, average passenger-kilometres per 
train-kilometre, fell from a high of 127 in 1980 to 119 in 1989. While train- 
kilometres had fallen by only 16 percent, car-kilometres fell by 31 percent 
since 1980, reflecting a decreasing use of non-revenue train space and an 
increasing use of higher-capacity cars. With the exception of 1989, when the © 
average rose to 59 percent, load factors have been reasonably constant in 
the 50 to 53 percent range. 
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On the financial side, passenger revenues increased by 74 percent (not 
adjusted for inflation) but have remained steady in constant dollars. The 
average “service” revenue per passenger-kilometre, however, increased 

31 percent in real terms between 1980 and 1989. This reflects a combination 
of real fare increases and a changing product mix. Non-passenger revenues 
increased substantially but remained small.4 


Operating expenses have followed the same general pattern, increasing 

69 percent before inflation. Even after inflation, VIA’s total operating expenses 
increased slightly despite the decline in passenger volume and workloads. 
In real terms, the expenses per passenger-kilometre have increased by 

30 percent; per train-kilometre by 22 percent and per car-kilometre by 48 per- 
cent. The reasons for these increasing unit costs are varied. Among them: 


* the presence of economies of scale/scope and “fixed” costs in the railway 
industry such that costs do not change in proportion to changes in ridership; 


* improvements in the level of service and reliability of operation, 
especially the on-time performance of trains; 


* steadily increasing maintenance and servicing requirements of older 
passenger cars and locomotives; 


* the gradual transfer of functions, assets and employees from the operating 
railways to VIA. The transfer process has resulted in significant organi- 
zation and training costs which should be a temporary rather than a 
permanent cost;° and 


* abrupt changes in the network and services offered due to government- 
mandated service cuts and restoration which have interfered with the 
long-run planning process. 


The net result is that VIA’s operating deficit has grown from $319 million in 
1980 to $527 million in 1989. In real (current dollar) terms, the increase is 
relatively small — only 5 percent in 10 years. However, given the decline 

in traffic, the real operating deficit per passenger-kilometre increased by 

27 percent between 1980 and 1989, despite a substantial increase in revenue ~ 
per passenger-kilometre. VIA’s level of cost recovery has been stagnant 
through the 1980s, ranging between 28 and 32 percent with no discernible 
long-term trend toward improvement. 
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Over this period, VIA incurred a total of $4.6 billion in operating deficits. Net 
capital expenditures totalled $1.2 billion. 


2.2 PERFORMANCE CHANGES 1989-1991 


At the beginning of 1990, VIA — under instructions from the federal govern- 
ment — underwent a significant downsizing which included a 30 percent 
reduction in the extent of VIA’s network and a 50 percent reduction in the 
number of train-kilometres operated. The downsizing included both the 
elimination of many services and the reduction in frequency on other 
services. Only the remote services were unaffected by the service cuts. 


The immediate results of these changes included a 46 percent reduction in 
ridership — although this translated into only a 43 percent reduction in 
revenues. Operating expenses dropped — but only by 30 percent. Thus VIA 
was able to reduce its operating deficit by some $170 million. The downsizing 
did nothing to improve relative financial performance: cost recovery fell 
from 32 percent to 26 percent while the deficit per passenger-kilometre — 
increased by 40 percent in real terms. The reasons for this are varied. 


¢ The very poorly performing remote services became a larger part of VIA’s 
overall portfolio. 


¢ VIA’s long-distance trains switched to a three-day-per-week schedule, 
which is less expensive in total, but much less efficient than the previous 
daily operation. 


¢ Many of VIA’s overhead and shared facility costs could not be adjusted 
downwards as fast as the reductions in train services and ridership. In 
fact, the cost of some functions could be reduced only by the same 
amount as the reduction in service. 


¢ Ridership on some routes dropped more than expected given the change 
in service levels between 1989 and 1990. 


In 1991, revenues and ridership recovered somewhat from 1990 levels. Oper- 
ating expenses were reduced slightly. Thus VIA was able to post a 29 percent 
cost recovery — about the average for the 1980s. The deficit per passenger- 
kilometre was reduced by 14 percent in real terms from the 1990 level but 
still remained some 20 percent higher than the level achieved in 1989. 
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VIA continues to undertake programs to improve operational efficiency and 
to regain lost ridership. Thus it is not clear if the financial results for 1991 
are indicative of the long-term, post-restructuring situation, even allowing 
for “new” initiatives. It is clear, however, that overall financial performance 
has suffered as a result of the service cuts. 


2.3 1989 PERFORMANCE BY SERVICE 


In 1989, before the restructuring and cutbacks, VIA offered nearly 40 differ- 
ent passenger train services.® The financial results for these services are 
summarized in Table 2. The costs reported in Table 2 must be viewed with 
caution since these data represent only costs which are deemed by VIA Rail 
to be avoidable with specific train services, and there is a great deal of arbi- 
trariness and latitude for interpretation here. Avoidable costs (as attributed 
by VIA)’ accounted for only 58 percent of VIA’s operating expenses in 1989. 


The services were divided into a number of service groupings. 


Western Interprovincial 


Services in 1989 included a daily train from Montreal/Toronto (joining in 
Sudbury) to Vancouver; a daily train between Winnipeg and Vancouver and 
thrice weekly service to Prince Rupert. The latter service connected with the 
Winnipeg—-Vancouver train at Jasper and provided service to some “remote” 
areas in northern British Columbia. Western trips tend to be a blend of long 
and short journeys. The western services recovered about half of “avoid- 
able” costs. In 1991, western service was limited to a single Toronto- 
Winnipeg—Edmonton-Vancouver train operating three days per week. — 


Eastern Interprovincial 


In 1989 eastern services consisted of a daily train between Montreal and 
Halifax via Saint John and a daily train from Montreal via Campbellton to 
Moncton where it connected with the Halifax train. Through connections were 
provided, three days a week, to Gaspé from the Moncton train. Although mar- 
kets and revenue yields are weaker in the East than in the West, the eastern - 
services recovered just over half of “avoidable” costs in 1989. In 1991, there 
was three-days-per-week service on the Montreal—Saint John—Halifax, the 
Montreal-Campbellton—-Halifax and the Montreal—Gaspé routes. 
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Montreal-Ottawa-Toronto Corridor (M-—O-T) 


A number of departures that constitutes a reasonable intercity option for 
travellers, and travel times comparable with or better than the car, are 
provided between Montreal and Ottawa, Ottawa and Toronto, and Toronto 
and Montreal using VIA’s newer LRC equipment (the cars, not generally the 
locomotives). Ridership in this group increased in recent years as a result of 
various service and marketing initiatives. M—O-T services account for nearly 
a third of VIA’s total ridership (passengers and passenger/kilometres) and 
recover approximately two thirds of “avoidable” costs from passenger revenues. 


Southwestern Ontario 


Considered by VIA as part of the M-O-T corridor, four routes are served west- 
bound from Toronto. Trip distances tend to be short (averaging 166 kilometres) 
reflecting a long-distance commuter and day-trip market. Revenues from 
southwestern Ontario covered 62 percent of “avoidable” costs. Ridership 
was nearly one third of VIA’s total. 


Regional Services 


For the most part, regional services consisted of short (one- or two-car) 
trains operating once a day offering either a “commuter-like” service into 
regional centres or supplementary service on lines served by transcontinental 
trains. Ridership on many regional services has been stagnant or declining 
in recent years. While there were notable exceptions for individual routes as 
a whole, VIA’s regional services recovered less than a third of “avoidable” 
costs. For the most part, regional services had been eliminated by 1991. 


Remote Services 


VIA operates eight® train services through “remote” areas where, for some 
of the run, there is no other ground transportation available. Service varies 
from long, overnight trains (Winnipeg—Churchill) to short, mixed trains 
(Lynn Lake). Load factors and passenger density tend to be low, resulting 
in “avoidable” cost recovery ranging between 7 and 22 percent. There are 
two points worth noting with respect to remote services: 


¢ Generally only a portion of the route is truly without alternate transportation. 
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* In some cases, a long-distance train (incidentally) provides services to 
remote communities which, in the 1970s, were served by a separate, 
short-distance train.? 


2.4 OTHER RAIL PASSENGER SERVICES AND FINANCIAL RESULTS 
COMPARED WITH VIA 


Regular intercity and rural rail passenger services are also offered by six other 
railways. These services account for less than 5 percent of the total Cana- 
dian intercity and rural railway passenger market. In the case of provincially 
owned railways, subsidies are provided by the provincial government. In the 
case of federally chartered railway carriers, a subsidy of 80 percent of the 
actual loss (based on long-run variable cost, including an allowance for capital) 
is provided by the Government of Canada under section 270 of the Railway Act, 
a process unchanged from the National Transportation Act of 1967. While there 
are differences in funding arrangements, the financial performance of these 
services is not significantly different from similar services offered by VIA. 


The Algoma Central Railway (ACR) provides service between Sault Ste Marie 
and Hearst (476 kilometres) six days per week during the summer and 
three days per week during the winter. Most of this route is without road 
access. Ridership is approximately 40,000 annually — about 45 percent tour 
passengers. Revenues cover about 25 percent of costs. For 1987 the ACR 
received $2.3 million in federal subsidies under section 270. The ACR also 
operates a number of separate tour trains with annual ridership on the 
order of 100,000. Tour revenues cover incremental operating costs but do 
not provide sufficient net income for reinvestment in equipment or to cover 
any significant allocation of fixed costs. Passenger trains — including gov- 
ernment subsidies — account for one fifth of the ACR’s receipts. Declining 
freight revenues have resulted in the passenger system having to bear 

an increasing proportion of maintenance and administrative costs and in 
significant financial difficulties for the ACR. Over a five-year period starting 
in 1987, the ACR was paid a total of $15 million under the terms of a joint 
federal—provincial agreement designed to “continue its non-passenger rail 
services.” In the 1990s, the ACR received other provincial subsidies as well. 


Rail passenger service is a minor part of the provincially owned British 


Columbia Railway (BCR) with passenger revenues being less than 1 percent 
of freight revenues. The BCR offers daily service between North Vancouver 
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and Lillooet (254 kilometres). Trains continue through to Prince George 
(490 kilometres) three days per week (daily during the peak period). In 1987, 
79,000 passengers were carried, and there has been significant revenue/rid- 
ership growth in subsequent years. The BCR attributes over half of its rider- 
ship to tour groups. Specific provincial funding contributions to the rail 
passenger operations has grown from $2.1 million in 1985 to $3.3 million in 
1990.'° The province has also provided separate capital funding totalling 

$5 million between 1985 and 1990 for the BCR to rebuild its passenger fleet. 


Until the beginning of 1990, Canadian National operated a weekly mixed 
train service between Edmonton and Waterways (Fort McMurray), Alberta. 
In 1987, federal subsidy payments for this service were approximately 
$310,000. 


In 1987, the Ontario Northland Railway (owned by the Province of Ontario) 
handled 130,000 intercity passengers with weekday service between Toronto | 
and Timmins (784 kilometres), daily overnight service between Toronto and 
Cochrane (776 kilometres),'' and thrice weekly mixed train service in the 
remote area between Cochrane and Moosonee (300 kilometres). The ONR | 
also provides daily tour train service between Cochrane and Moosonee 
during the summer with ridership of 20,000 to 25,000. Passenger activity 
accounted for about one quarter of the ONR’s railway operations. In 1987, 
provincial operating subsidies (based on fully allocated costs) totalled 

$11.2 million for the passenger operations’? plus $8.4 million for the total 
operation of the Moosonee branch line (freight and passenger combined). 
The province also provides capital funding as required, and the company 
has spent $25 million in recent years building a fleet of modern passenger cars. 


The Quebec North Shore and Labrador Railway (ONS&L) provides twice 
weekly mixed train service from Sept-iles to the Schefferville/Labrador City 
area (about 600 kilometres of remote area). In 1987, the federal government 
provided $1.14 million — representing about 1 percent of company revenues 
— in section 270 payments for this service. 


Amtrak, the United States national rail passenger corporation, offers one 
train a day from Toronto to Chicago via Sarnia and from Toronto to New 
York via Niagara Falls. These trains are operated jointly with VIA, and the 
statistics are included in those of the respective companies (Table 2 and 
Table 10). Amtrak also offers two trains per day between Montreal and 
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New York/Washington. These trains are operated in Amtrak’s own name, 
and it purchases support services from VIA and from CN. No Canadian 
subsidies are paid for Amtrak’s Montreal services. 


In addition to intercity rail passenger, there are two major suburban commuter 
systems operated by the railways in Canada: 


Montreal Urban Community Transportation Commission: The Commission 
provides commuter service on a number of routes in the Montreal area using 
CN and CP facilities. These services — which do not qualify for section 270 pay- 
ments — were formerly operated by the two railways at a loss. The federal 
government subsidizes capital assets for the Montreal commuter services. 


GO Transit: The Ontario government provides urban and short-distance 
intercity service in the vicinity of Toronto. Although GO owns some track, 
for the most part, their trains operate over the tracks of CP and CN. In 
addition to track access, both railways provide various other services to 
GO under contract. It is of interest to note that some of GO’s services 
have replaced services provided by VIA in its early years. There are no 
federal subsidies for these services. 


Table 3 compares the 1987'? financial results of the four Class II regional 
railways offering intercity passenger service to the results for VIA."4 


Table 3 
Four CLAss Il Raiways AND VIA: FivanciaL Resutts, 1987 


Passengers 
Passenger-km 
Passenger revenue 


“Operating” subsidy 

Revenue per passenger-km (cents) 
Subsidy per passenger-km (cents) 
Cost recovery (ratio) 
Government funding (percent) 
Railway funding ~ (percent) 


Source: Commission estimates based on data in railway annual reports and Jane’s World 


Railways. 


Note: n.a. = not available 


On the basis of the data, it is clear that the cost structure of the BCR is quite 
low, as evidenced by the 13-cent per passenger-kilometre subsidy level. 
This appears to be the result of using modern equipment, an efficient oper- 
ation and relatively low station and marketing costs due to the high prepon- 
derance of tour passengers. The BCR’s revenue per passenger-kilometre is 
not significantly higher than other railways, and the overall financial perfor- 
mance is on a par with some of VIA’s better regional or corridor services. 
The ONR’s subsidy level and government funding percentage is the highest, 
due in part to the fully allocated nature of the costing, and to the seemingly 
low revenue base, compared to similar VIA services. The ONR’s services 
have a significant remote component, and the overall level of cost recovery 
does not appear out of line from those of VIA’s remote services. The ACR’s 
operation is essentially a remote service as well, but benefits from a signifi- 
cant tourism component which increases the level of cost recovery. The ACR’s 
60 percent government funding level, however, can be quite misleading. 
Unlike the two provincial railways, the ACR must bear at least 15 percent 

of the calculated passenger train losses; losses which are also calculated on 
a less inclusive cost base than those for other companies. . 


3, RAIL PASSENGER Cost MODEL 


While there are considerable historical data that describe the past perfor- 
mance of rail passenger services — at least in terms of direct costs — these 
data are not appropriate decision variables for the assessment of future per- 
formance. The past, however, is important in that it is the base from which 
productivity improvements and other changes must be analyzed. Similarly, 
the use of system average values per train-kilometre, car-kilometre, passen- 
ger and average overhead burdens allow for an easy analysis, but only result 
in “accurate” costs being determined for the hypothetical average train ser- 
vice or perhaps for the total of the entire railway network. Since individual 
services differ significantly from the average in terms of train size, utilization, 
services offered and other attributes, considerable bias would be introduced. 
By the same token, station facilities must also be examined on a specific 
basis. The costs of handling the same number of passengers at two terminal 
stations is significantly different than handling them at a dozen line stations 
even over the same route. 
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It was necessary, for the present review, to specify a passenger train costing 
model which, on the one hand, would provide for ease of analysis, but, on 
the other, capture the important differences between services. VIA’s operat- 
ing data and costs, that served as a starting point for the present analysis, 
are given in Appendix B. An explanation, by individual cost element, of the 
model’s cost attribution/allocation procedure is contained in Appendix C. 
There are five general types of information which are incorporated into the 
railway costing model: 


* service attributes under the control of management; 

* service attributes dictated by the nature of the market; 

¢ changes (improvements) in productivity unrelated to service attributes; 
¢ the allocation of overhead and indirect costs; and 


* the incorporation of changes in traffic levels. 


Typical service attributes (the first two categories above) would be the route 
length and location, train frequency, the level of on-board services provided, 
train length and load factors, type of equipment used (locomotive-hauled 
cars as opposed to self-propelled cars, new cars versus old cars) and so on. 
Each element has an impact on costs. For example, a decision to offer diner 
service adds a requirement for.an extra car per train, thus increasing the 
number of cars required per passenger. As well, the diner itself is often a 
higher-cost car than one which provides only coach seating. Such cars also 
require additional staffing. 


The distinction between the two types of service attributes is somewhat blurry. 
To return to the previous example, management always has the prerogative 
of adding a diner to any train. The nature of the market, however, can be such 
that management may have no choice but to provide a diner (long-distance, 
transcontinental trips), or there may be absolutely no reason to contemplate 
a diner (a 150-kilometre, two-car trip). Nevertheless, train sizes and equipment 
requirements are attributes which are mainly governed by the market. 


Incorporation of service attributes has been handled by specifying a 
number of service groups!° with broadly similar characteristics: 


¢ Montreal—Ottawa—Toronto corridor; 


* southwestern Ontario; 


¢ western interprovincial; 
¢ eastern interprovincial (Montreal—Maritimes) 
¢ short-distance regionals; and 


e remote services. !& 


The service costing is based on VIA’s 1990'” year-end data plus some 1988 
cost relationships which were established on the basis of 1988 or 1989 
results and converted to 1990 price levels. Thus, the wage rates, work rules 
and operating conditions currently in force are embedded in the costs. A 
forward-looking cost model must be able to address the changes which are 
expected to take place in the coming years. Elements include “normal” cost 
escalation (not examined in this paper), structural changes in labour practices 
and different equipment. Such changes are accommodated by altering the | 
specific cost relationships depending on the assumptions for the future. For 
example, the projected elimination of the second engine driver and a train. 
crew person result in lower average crew costs per kilometre, but only for 
those services or service groups where crew reduction would actually occur. 


Overheads and indirect costs are also an important issue. Forty-two percent 
of VIA’s 1988 costs fall into this category. Allocation of these costs is neces- 
sary to determine a fully allocated cost. Proper allocation is necessary so as 
not to bias the estimated financial performance of any group of services at 
the expense of other sectors. For a number of cost categories, it is possible 
to attribute some expenses to corresponding service groups (although not 
to specific train runs). Equipment capital costs are an example of this type 
of attribution. There still remain some cost elements, general administration 
for example, which must be allocated on the basis of some notional causal 
factor, be it related direct costs or related physical measures of output. Care — 
has been taken, however, to ensure that all indirect and overhead costs 
are not assumed to be fully variable with changes in the scale and scope 
of operations. Thus, the costs of providing station facilities in the M—O-T 
corridor, while related to passenger volume, would not be projected to 
increase by 20 percent given a 20 percent increase in traffic. 


Much of the cost impact of changes in ridership is incorporated by the appro- 
priate adjustment of service attributes, in particular train size (both cars and 
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locomotives as required) and frequency, if required. Thus, the accommoda- 
tion of passengers through increasing the load factors results in little addi- 
tional operational costs. If additional cars are required, but existing trains 
are sufficient to handle the total projected passenger volume, there is no 
change in either the crew or a significant part of the track usage fees. 

Other costs would vary more directly with passenger volumes, for example, 
credit- card discounts and ticket agency commissions. 


It should be noted that fully allocated costs are developed for the present 
context, and the classical fixed-variable distinction in railway costing is not 
developed. Thus, if all VIA’s service groups are costed, VIA’s total expendi- 
tures will be attributed to one service group or another. The use of fully 
allocated costs is sometimes questioned, especially in railway studies, on 
the grounds that it may mask the fact that the incremental cost per passen- 
ger may be significantly different from the average cost, even allowing for 
long-run adjustments. This should not be a problem in the present context 
since changes in ridership are addressed directly through specific revenue 
and cost adjustments, rather than through the use of averages. 


3.1 TYPICAL MODEL RESULTS 


The cost and financial viability prospects estimates development is 
presented in Table 4 using the Montreal-Ottawa—Toronto (M-—O-T) service 
group as an example. These estimates are also compared with VIA’s 
present results. Other services could be selected for similar treatment but 
M-O-T has the greatest prospects for viability, and if M—O-T cannot be 
made viable, the prospects for VIA’s other services will not be better. 


The costs estimated here and discussed below were derived from and can 
be related to those reported to the Royal Commission by VIA, but there 
are a number of significant differences. The most striking difference is the 
inclusion of full capital charges for the equipment and facilities which are 
required by the individual services. This results in lower cost recovery rates 
than reported by VIA. The second major difference is that the present 
costing attempts to allocate overhead and indirect costs to services in a 
causal manner. VIA treats such costs as overhead on direct expenditures. 


Table 4 
Cost Esrimares DeveLopMENT: BASED ON VIA Dara 
MonTrEAL-OrTAwA-TORONTO SERVICES (EXAMPLE) 


1988 VIA data Ridership (M) 
Revenues ($M) 

Avoidable operating costs ($M) 
Apparent cost recovery 

Share of common costs ($M) 
Total operating costs ($M) 
Cost recovery 

Total deficit per passenger ($) 


1990 VIA data 


Ridership (M) 
Revenues ($M) 

Avoidable operating costs ($M) 
Apparent cost recovery 

Share of common costs ($M) 
Total operating costs ($M) 
Cost recovery 

Total deficit per passenger ($) 


Re-estimate of 
VIA’s 1999 results 


Ridership (M) 
Revenues ($M) 

Total operating costs ($M) 
Total recovery 

Total deficit per passenger ($) 


Estimate of steady-state 
costs assuming 1990 
ridership 


Ridership (M) — 
Revenues ($M) 
Total operating costs ($M) 
Total recovery 
Total deficit per passenger ($) 


Estimate assuming 
steady-state costs and 
25 percent ridership growth 


Ridership (M) 
Revenues ($M) 

Total operating costs ($M) 
Total recovery 

Total deficit per passenger ($) 


Estimate incorporating 
cost of capital charges 


Ridership (M) 
Revenues ($M) 

Operating costs ($M) 

Capital charges ($M) 

Total costs ($M) 

Total cost recovery 

Total deficit per passenger ($) 


_ Note: M = million 
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1988 VIA Data 


For 1988, VIA reported revenues of $70 million and avoidable costs of 

$105 million for the M-O-T service group. This implies an avoidable cost 
recovery of 66 percent. Since avoidable costs account for approximately 
two thirds of VIA’s total operating costs on these services, the apparent cost- 
recovery rate does not give a clear picture. If all other (non-capital) costs are 
allocated to services in the manner used in VIA’s 1989 Review of Passenger 
Rail Transportation in Canada (1989 Review), total M—O-T costs rise to 
$163.8 million, implying a cost recovery rate of only 43 percent and a deficit 
per passenger of $43, on a traffic base of 2.2 million passengers. (The 

1988 results are quoted in 1988 price levels. For comparative purposes, 
1988 costs and revenues shown in Table 4 are adjusted to 1990 price 

levels in the right-hand column of the table.) | 


1990 VIA Data 


In 1990, VIA reported revenues of $58 million and avoidable costs of 

$82 million for the sector, with an avoidable cost recovery rate of 71 per- 
cent. Inclusion of common costs, using the same procedure as used for 1988, 
gives a recovery rate of 42 percent and a total deficit of $51 per passenger 
on a base of 1.6 million passengers. Although 1990 represented a moderate 
deterioration in relative financial performance, the total deficit for the sector 
was reduced by $21 million (20 percent). 


Re-estimate 


One of the major differences between 1990 and 1988 is the impact of the 
downsizing of VIA. M—-O-T ridership dropped by 27 percent, train sizes were 
reduced, and one train was discontinued on each route in the sector. It is 
worth noting that the decrease in revenue appears to be attributable to the 
decrease in ridership. Only 5 percent of the decline in revenue is attributable 
to an apparent decrease in the revenue yield per passenger-kilometre. On 
the cost side, $13 million (in allocated common costs) of the $126 million 
total operating cost is an increase over that which would have applied had 
the 1988 avoidable to common relationship applied in 1990. This type of 
result is to be expected. Using a simple model, the decrease in ridership 
and operations would have indicated a decrease in total costs of some 

$45 million (including a proportional change in allocated common costs 
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which did not occur). In addition, it appears that there was some $5 million 
in efficiency gains in the M-O-T sector attributable to the use of newer 
locomotives and changes in the way VIA provided service. 


Working with the present model and using VIA’s reported 1990 ridership and 
operational data, total costs are estimated to be $126 million. The $14 million 
difference between VIA data and the estimate developed here can be attrib- 
uted in a large part to a more service-specific allocation of overheads and 
other non-direct costs and to a lesser extent to the removal from the cost 
base of extraordinary catch-up equipment maintenance costs. On this basis, 
this study estimates that there is a 46 percent cost recovery level for the 
M-O-T sector with a deficit per passenger of $42. The total deficit attribu- 
table to M-O-T is estimated as $68 million, 17 percent lower than that implied 
from applying the 1989 Review methodology to VIA’s 1990 reported data. 


Estimate of Steady State 


The next set of figures in Table 4 represents the incorporation of cost effi- 
ciency gains that might be reasonably expected in the short to medium term. 
These are programs which are presently in place, in the planning stages or 
which could be readily implemented. Included are crew reductions, improved 
equipment and reduced overhead. When the 1990 M-O-T sector data is 
recomputed with these Steady State Costs, total costs drop by some $10 million 
(8 percent), bringing the forecast cost recovery rate up to 50 percent and 
the deficit per passenger down to $36. The potential for efficiency gains 
from new equipment is not as great for the M—O-T sector as for some 

other sectors since the 1990 data reflect a considerable number of newer 
F40 locomotives and since the differences between the existing LRC coach 
and new coaches are not as striking as the differences between the existing 
conventional cars and new cars. 


Ridership Growth 


Thus far, the analysis has been limited to reported 1990 ridership levels. 
Actual ridership for the first six months of 1991 was 12 percent higher than 
for the corresponding period in 1990. To accommodate this, the results 
have been recomputed assuming a steady-state increment of 25 percent in 
ridership and 5 percent in the average yield.'® Car-kilometres have been 
increased so that the load factor is held to an average of 70 percent (from 
the 1990 actual value of 65 percent). In addition, the equivalent of one 
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additional Ottawa-Toronto train has been assumed.'9 Locomotive-kilometres 
and other output measures have been adjusted commensurate with the 
projected new levels of demand, car-kilometres and train-kilometres. 


These changes would result in estimated M—O-T revenues of $76 million 
and total costs of $127 million. Due to the more intensive use of the existing 
trains and other assets and services, it is estimated that the incremental costs — 
of serving the incremental passenger demand is less than the incremental 
revenues, resulting in an overall cost recovery rate of 60 percent and a 
deficit per passenger of $25. Given these cost and ridership assumptions, 
the total deficit for the M—O-T sector is brought down to approximately 

$50 million. 


The above step in the analysis illustrates an important point with respect to 
VIA‘s services: Ridership is a key element to improved financial performance. 
Given existing train services that are not stretched to the limit of capacity, 
the incremental cost of additional ridership can be quite low in a steady- 
state environment where good equipment, as opposed to resurrected, 

old equipment from storage, can be deployed and service provided in an 
orderly fashion. To be truly viable, however, the additional ridership must 
be the result of natural growth, aggressive marketing or service quality. 


Ticket price discounting as a method of attracting ridership cannot be seen 
as a quick fix. For example, a 6 percent reduction in the average yield as a 
means of attracting the additional ridership would dilute total revenue suffi- 
ciently that incremental costs would be greater than incremental revenues. 
The cost recovery percentage would improve, but the total deficit would 
increase slightly. This example also illustrates the downside effects of 
decreased ridership — the potential for greater than proportional increases 
in the deficit. 


incorporating Cost of Capital 


In addition to the operating costs that have been discussed in the previous 
steps, there are significant capital costs associated with providing the 
M-O-T service, many of which are not included in VIA Rail’s accounts. 
Assuming a 10 percent real cost of money and assets being 50 percent 
depreciated, an annual capital charge — including depreciation — of nearly 
$20 million ($10 per passenger) would be applicable to the M—O-T sector. 
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This includes the valuation of all required rolling stock at approximately 
1990 replacement costs, the capital costs of maintenance facilities and other 
assets. It excludes various sunk capital expenditures such as the upgrading 
of the Ottawa—Toronto route and upgrading of various major stations. 
Inclusion of the capital charge brings the prospective total cost recovery 
down to 52 percent and increases the deficit per passenger to $35. 


Including capital charges in this way provides an estimate of revenues that 
would be required for the operation to be commercially viable on a longer- 
term basis, particularly when equipment requires replacement. It is also the 
appropriate measure from the point-of view of government, which must 
supply the capital. In the past, operating costs may have been more appro- 
priate from VIA’s perspective, since it received capital funding separately 
and was not mandatated to recover its costs. 


4, ProsecteD Cost RECOVERY BY SERVICE GROUP ~ 


Table 5 shows projections of VIA’s costs and financial results for a number 

of service groups. The costs are fully allocated in the sense that provision is 
made for functional overheads, general corporate overheads, shared facilities 
and operations plus the cost of capital on equipment and facilities. The costs 
are steady-state, that is, allowance has been made for improvements in the 

cost experience of passenger rail. The cost and revenue numbers represent 

no specific year in the future, but rather a generic future period, presumably 
within the 1990s. In particular, it is assumed that modern, efficient equipment 
is in place, improvements in crewing practices have occurred and VIA has been 
successful in carrying out a number of projected overhead reduction programs. 


Passenger demand and revenues, and train service patterns are based on 

the 1990 services offered by VIA, but are adjusted from VIA’s 1990 experi- 

ence. In particular, allowance has been made for growth in the market and 
for a recovery from the transient effects of the 1990 network downsizing. 


To aid in the analysis, costs are reported under four headings. Operations 
cost is the actual cost of running trains (crews, fuel, maintenance, track and 
so on). Customer services cover stations, ticketing and marketing. Adminis- 
tration costs, as shown here, include the corporate executive and other 
general administrative functions. Specific administrative expenses for train 
operations or the marketing system are included in operations or customer 
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service as appropriate. Capital charges include depreciation and a 10 percent 
cost of money, assuming all assets, most importantly equipment, are of 
new quality (as discussed above) and 50 percent depreciated. 


Table 5 
ProJecTions oF VIA Costs AND REVENUES: SELECTED SERVICES 
(BASED ON FULL COSTS ASSUMING STEADY STATE RIDERSHIP, EQUIPMENT AND PRopucTIViTy, 1990 $) 


South- 
western 
Ontario 


Inter- 
provincial 
East 


Inter- 
provincial 
West 


Example 
Regional 
Network 


Corridor 
MT-OT* 


Corridor 
M-O-T* 


Train-km (million) oo oie 2.0 1.8 V2 i) 
Car-km (million) Vez 15.4 9.6 18.6 12.3 2.6 
Cars per train 4.7 4.8 10.1 10.6 1.8 


Passengers (’000) 2,004 1,709 1,326 202 297 215 
Trip length (km) On 381 183 1,430 716 229 


4.7 
Load factor 70% 71% 47% eves 64% 36% 
Passenger-km/ 
191 200 122 158 1 43 
5 
1 8 
3 
8 


Revenue ($ million) 
Revenue per 
passenger-km ($) 


train-km 83 
76 31 31 19 
Bs (i als 3 i | .09 0 


Costs ($ million) 


Operations 83 7 44 63 45 14 
Customer service 31 Z 18 12 10 4 
Administration 13 11 7 8 6 2 
Capital charges 20 17 ihe 20 20 5 
Total costs 146 130 84 103 81 25 
Deficit ($ million) 70 61 54 he 62 20 
Total cost recovery 52% 53% 36% — 30% 24% 20% 
Operating cost 

recovery 60% 61% 44% 37% 31% 25% 


Revenue per 
passenger ($) 
Total cost per 
passenger ($) 
Total deficit per 
passenger ($) 
Total deficit per 
passenger-km ($) 


38 41 23 155 65 19 
13 76 63 Dal 274 SP 
35 36 40 356 209 13 
.10 .09 Ze .25 20 oe 


Note: M-O-T represents the Montreal-Ottawa, Ottawa-Toronto and Montreal-Toronto 
services. 
MT-OT represents the Montreal-Toronto and Ottawa-Toronto services. 


Unless specified otherwise, all references to costs, deficits and cost recovery 
percentages are based on total costs including operations, overheads and 
capital charges. An operating cost recovery rate has also been included in 
the table. This value excludes depreciation and capital costs from the cal- 
culation and is directly compatible with the type of values which VIA has 
calculated in its Corporate Plan. 


4.1 WESTERN INTERPROVINCIAL 


The western interprovincial services (Toronto to Winnipeg and Winnipeg to 
Vancouver, plus the Edmonton to Prince Rupert segment) are characterized 
by long average passenger trips (1,430 kilometres°) and a need to provide 
sleeper cars, diners and other non-revenue cars. This results in higher trans- 
portation costs per passenger compared to other services and additional 

costs that are not recovered through revenues. Load factors are relatively 

high (79 percent), which reflects the very high demand during the tourist 
season and the reduction in the train (cars are removed) during the off-peak. 


Based on 1990 passenger demand and services, fully allocated, steady-state 
costs are estimated to be $511 per passenger. Revenues are estimated at 
$155, resulting in a 30 percent full cost recovery rate. : 


The relative financial performance (recovery rate and deficit per passenger- 
kilometre) is influenced by the way the services have been restructured. 
The Toronto—Vancouver service is provided three times per week on a 
single route compared with the former daily service over a more extensive 
route. Three days per week operation of long-distance services, which has 
been used as a total cost cutting measure for the past two decades, can 
result in less efficient crew?’ and equipment deployment. The costs of other 
functions and facilities (especially stations and maintenance points) cannot 
be scaled down without increases in average costs.*¢ 


Another factor affecting the financial performance is the service to remote 
areas which is provided as part of the western interprovincial services. Seg- 
ments of the route between Capreol and Winnipeg are considered remote 
and had been served by separate trains. Covering this area by rerouting the 
main western interprovincial service may result in significant savings to 
VIA as a whole, but it adds to the cost burden on the interprovincial service 
group. Similarly, revenues and ridership on the Prince Rupert segment 
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(which also features “remote” areas) are much lower than the average in 
the West. Without these burdens, cost recovery could be five percentage 
points better, with corresponding reductions in deficits. 


There are some ways of restructuring the western interprovincial services, 
while still providing long-distance service. Such restructuring may reduce 
the overall deficit slightly, but it is unlikely that any significant improvements 
can be made. One type of service that might be investigated is the replace- 
ment of the long-distance, overnight operation with a series of daytime 
intercity trains. Capacity (seats per car) would rise and costs should fall. 
However, past experiments have not been overly successful, and market 
penetration — of a small market — might only be achieved by twice-a-day 
operation. 


The results do not include tourist-only trains such as the Rocky Mountaineer 
which VIA operated in 1988 and 1989. This type of service should operate 
on a break-even basis? due to a very high revenue base and elimination 

_ of the need to provide service throughout the year and to all stations. Inclu- 
sion of tourist trains might improve the average financial performance of 
this service group. However, any real improvement would be by way of 
cross subsidy rather than by a true reduction of the costs of operating 
interprovincial services.24 


VIA’s 1994 Corporate Plan projections for the western services are similar to 
those determined here — a 37 percent operating cost recovery. The present 
study’s estimates show a higher passenger count than does VIA due to the 
inclusion of the Prince Rupert service. VIA’s estimates, however, allow for 

a greater emphasis on tourist services. 


4.2 EASTERN INTERPROVINCIAL 


Eastern interprovincial services (Montreal to Halifax via Saint John and via 
Campbellton) are similar in character to those in the west, but route and 
average trip lengths are correspondingly shorter than in the west. There 
are, however, a number of differences in the nature of the market resulting 
in lower ticket price yields in the east and the lack of growth potential. 


Based on 1990 demand and services, fully allocated, steady-state costs 
are estimated to average $274 per passenger. Revenues are estimated at 
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$65, resulting in a 24 percent cost recovery rate and a $0.29 deficit per 
passenger-kilometre. 


From a cost perspective, interprovincial services in the east are similar to 
the West. The shorter route distance and lower load factors in the east, 
however, contribute to higher costs per unit of transportation. The east 
doesn’t appear to suffer as greatly from the three-days-a-week service inef- 
ficiencies. For one thing, there is six-days-a-week service between Montreal 
and Halifax (over two routes), and a significant part of the eastern routes 
are common (Montreal-Campbellton and Moncton-Halifax) giving the 
effect of nearly daily operation. 


Opportunities for restructuring are also limited in the east. The possibility of 
a daytime service between Montreal and Moncton has been noted. A more 
obvious restructuring would involve collapsing the two Halifax trains into 

a single route. Net savings, however, are not likely to result in a significant 
improvement to cost recovery ratios, especially since any means of con- 
solidation would come at the cost of some form of reduced or eliminated 
service on some portions of the affected routes. 


The east also illustrates another passenger rail issue which is just starting to 
arise but may become more common. CN had received approval from the 
National Transportation Agency for the abandonment of its line between 
Chandler and Gaspé. Under present legislation, if passenger services are to 
continue to Gaspé, VIA must bear the full costs of line operation rather than 
paying a linehaul charge based on CN’s national average long-run variable 
unit cost of its roadway. This would result in an increase in the effective cost of 
linehaul for the abandoned section of track from the range of $1,500 per track 
kilometre to the range of $5,000 to $5,500, and perhaps more if major track 
renewal is required. This increase does not affect eastern services as a whole, 
to any great extent, but it does make a significant difference to the incremen- 
tal cost recovery for service to the Gaspé. Also, such changes may not signal 
an increase in the true cost of providing rail passenger service, but a change 
in attribution of costs. On some lines, passenger trains are the dominant 
traffic and are clearly one of the reasons that the line has been kept open. 


VIA‘s projections for the eastern services of 1994 show a somewhat lower 


total operating cost recovery than is projected here. The present study esti- 
mates assume new equipment while VIA may actually be operating some 


y~ 


older equipment in 1994; the difference is the study’s focus on a longer 
term and the prospects for full viability. VIA also assumes a slightly higher 
rate of growth in passenger demand and fares. 


4.3 LOW-DENSITY, SHORT-DISTANCE REGIONAL SERVICES 


Until 1990, there were a number of low-density regional rail services. These 
were characterized by the use of short (one or two cars) self-propelled (SPV) 
trains. Route lengths ranged between 200 to 500 kilometres. Few amenities 
were offered on the typical regional service; many, in fact, offered no on- 
board services of any type. Passenger demand was generally low (less 

than 40 passenger-kilometres per train-kilometre) resulting in load factors 
in the range of 30 to 40 percent.2° 


Regional services (except for Victoria-Courtenay which was the subject of a 
constitutional court action) have now been eliminated. Nevertheless, submis- 
sions to the Royal Commission have advocated their reinstatement, and it is 
instructive to examine what their costs and performance might have been 
or might be. To this end, the somewhat integrated network of Maritime 
regional trains has been hypothetically resurrected (on paper). This included 
daily service between Halifax and Yarmouth, Sydney and Saint John; daily 
service between Moncton and Campbellton; and three-days-a-week service 
between Moncton and Edmundston. Based on typical 1988 demand patterns 
and service attributes, the fully allocated, steady-state costs of a regional 
rail service network are estimated to be $92 per passenger. Revenues are 

in the range of $19 per passenger. As a result, regional services average a 
20 percent cost recovery rate. 


Within a typical regional service network,”° there is considerable variation 
in individual financial experience, driven mainly by differences in passenger 
demand and only partially by costs. It should be noted, however, that trim- 
ming the “poorest” services from a network may not improve the financial 
performance as much as might be expected since there are many common 
cost elements. This would be much less so if total networks closed down. 


The low cost recovery rates experienced in this type of regional service are 
primarily a function of the low average passenger demand rather than any 
extraordinary cost issues. Crew, other linehaul and a number of other costs 
are governed by train-kilometres rather than train size. Thus, the average 
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level of these cost components per passenger is much higher than that 
experienced in most other segments of the rail passenger system. A pre- 
ponderance of short trips also affects the financial performance since a 
greater share of revenue is devoted to ticketing, passenger handling and — 
marketing. This is not to say that low-density regional services are provided 
in a costly manner. If anything, the use of self-propelled vehicles means that 
this type of regional network could be operated in a very efficient manner, 
given the size of the market. However, no matter how efficiently operated, 
such rail services will rarely approach the cost effectiveness of a bus. 


Short of a complete departure from standard North American railway prac- 
tice and attempting to operate as a bus company on rails, no restructuring 
options have been identified that would result in any improvement that 
would lead to near cost recovery for short-distance, low-density regional 
service. There are possible options which would increase cost recovery 
rates by a few percentage points but nothing major. The main opportunity 
for improvement appears to be in increases in ridership/revenues, and such 
improvement would be restricted to an improved cost recovery percentage. - 
Unless one projects unrealistic orders of magnitude of increased demand, 
a trend of demand increases for regional services would lead to higher 
absolute subsidies. 


4.4 CORRIDOR SERVICES (MONTREAL-OTTAWA-TORONTO) 


Corridor services (Montreal—Ottawa-Toronto) are characterized by three to 
six departures each way per day, moderate train sizes (four to eight cars) 
and a mix of origin-destination trips as well as “local” service. Load factors 
tend to be above 60 percent with 200 or more passenger kilometres per 
train-kitometre. Equipment utilization is reasonable. Services are provided 
using all-coach (not sleepers), locomotive-hauled cars. Given current tech- 
nology and infrastructure conditions, speeds up to 145 kilometres per hour 
are achieved. At present, separate services are offered between Toronto 
and Montreal, Toronto and Ottawa, and between Montreal and Ottawa. 


As described in more detail in subsection 3.1, the cost per passenger for 
corridor services is estimated at $73 based on 1990 corridor service pat- 
terns.27 Including an allowance for increases in ridership and ticket yields, 
and full cost of capital charges, the deficit per passenger is estimated to be 
$35, resulting in a 52 percent total cost recovery rate. 
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One aspect of corridor services which may be a drain on their financial per- 
formance is a high incidence of peaking in passenger demand.28 While this 
may not have a significant impact on pure train operation costs, it results in 
additional fleet requirements and adds to the total maintenance requirements. 
With the equipment available, the incremental costs of handling additional 
passengers in the corridor at off-peak times may be very low compared to 
the average noted above. 


Compared to the 1990 situation, these projections reflect a significant 
potential for improvement. Could there be even greater improvement? The 
three segments of the corridor are relatively similar, but the financial perfor- 
mance of the Montreal—Ottawa segment is poorer than the other two seg- 
ments. This is due to the shorter trip length (which results in higher customer 
service costs per passenger) and a lower level of demand2?2 (which results in 
shorter trains with higher costs per passenger). While yields are slightly 
higher on this segment, the market is such that the additional costs cannot 
be fully reflected in the ticket price. 


Since it is a “small” service, dropping the Montreal—Ottawa service would 
allow the balance of the corridor services to be operated with an overall 
deficit some $10 to $13 million lower, and result in a two or three percen- 
tage point increase in the level of cost recovery.°° For the balance of the cor- 
ridor, there appears to be little difference in the financial performance of the 
Montreal-Toronto and Ottawa—Toronto services (in spite of the relatively 
slow transit from Brockville to Ottawa). Deficits for Montreal-Toronto are 
higher, reflecting the greater level of activity (more trains per day and an 
extra 90-kilometre trip distance). 


Within the corridor, there appear to be few opportunities for restructuring 
services. Longer, less frequent trains might be offered. However, the mar- 
ket demands frequency and choice of departure time. As was aptly demon- 
strated with the service reductions at the beginning of 1990, the reduction in 
frequency would reduce ridership. Savings would be strictly train-related, 
and the train-related component is not a large proportion of total costs. 


Another possibility would be the combination of the three routes into a single, 
spinal route through Ottawa. Given the present services, combination of the 
three routes could offer much greater frequency with the possibility of fur- 
ther augmented revenues and a reduction in the extent of the network with 


Mn 


potential savings. Unfortunately, with the present circuitous track routing, 
this would result in unacceptable increases in trip times for the Montreal- 
Toronto passengers. A route through Ottawa that would add only 37 kilo- 
metres or 7 percent to the Montreal-Toronto distance has been defined 
(and much of the right-of-way is already owned by VIA) but the invest- 
ment in track necessary to achieve less than present transit time for Toronto— 
Montreal passengers would represent a very long-term commitment to 
the continuance of Toronto—Ottawa—Montreal rail service. It would seem 
reasonable that such investment should not be considered in isolation but 
as one of a series of quantum improvements in the corridor short of, or 
culminating with, electrified high-speed rail. 


VIA's financial projections for 1994 for its Montreal-Ottawa-Toronto services 
are, in aggregate if not in detail, virtually the same as presented by this 
study — a 60 percent level of total operating cost recovery with just over 
two million passengers. The effect of VIA’s higher estimate for ticket price 
($40 as opposed to $38) has an equivalent to the impact of the difference in 
assumptions with respect to productivity in the steady state. 


4.5 SOUTHWESTERN ONTARIO 


Rail passenger service in southwestern Ontario (SWO) Is characterized by 
short-distance coach service. Passenger trips tend to be short (averaging 
183 kilometres). This results in an apparently low load factor (in the range 
of 45-50 percent).?’ While there is potential to increase ridership without 
increasing train sizes, a significant proportion of the empty seat-kilometres 
appears to be generated by the incidence of short trips into and out of 
Toronto — trips which are much shorter than the route distance.*2 In 1988, 
there was a mix of locomotive-hauled trains and self-propelled vehicles 
(SPVs). At the present time, locomotive-hauled trains are used exclusively. 
Most of the trains are 40-year old steam-heated equipment rather than the 
LRCs which are used in the corridor. 


Based on 1990 passenger demand and services, fully allocated, steady- 
state costs are estimated to be $63 per passenger — significantly greater 
than the estimated revenues of $23 per passenger. The low cost recovery rate 
(36 percent) is indicative of the short-distance trips and the importance of 
the costs of stations, passenger handling and marketing.*° These costs are 
somewhat higher per passenger than for Montreal—Toronto. The low cost 
recovery rate also reflects the use of locomotive-hauled equipment on some 
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short train runs. In the SWO situation, the use of self-propelled equipment 
might be more advantageous, provided there is sufficient demand to justify 
a separate equipment pool. 


Another aspect worth noting in southwestern Ontario is an apparent low equip- 
ment utilization rate. This stems both from maintaining a high peak-load 
capacity for Friday/Sunday service and from the fact that, given the sched- 
ules and apparent passenger demand, there are many train runs which 
require one full trainset to generate a relatively short round trip. The equip- 
ment itself is capable of providing significantly higher utilization. This implies 
that there would be capacity to increase off-peak carryings at less than the 
average incremental equipment-related costs, if the demand were there. 


This study’s estimates of total operating cost recovery (44 percent for south- 
western Ontario) is somewhat higher than VIA’s 1994 projection (40 percent). 
The major difference here is that VIA expects to be operating the existing 
equipment in this market until the end of 1994; while this study considers 
the longer term. 


4.6 REMOTE SERVICES 
ee ee ee ON ES ee ae ee 
The government has designated certain mandatory or remote services for 
protection. In some cases, there are communities served by rail where road 
alternatives do not exist. The designated mandatory services are character- 
ized by low passenger volumes and very high subsidies per passenger. Asa 
group, less than 10 percent of their costs are recovered through fares. The 
costs of the remote services are not considered in any detail in this paper. 
The relevant questions in these.cases are whether passenger rail should be 
maintained as a social service, and whether there are cheaper ways of 
doing this than the present VIA operations. 


The issue of remote services is considered in greater detail in Section 8. 


5, INTERNATIONAL RAIL, PARTICULARLY AMTRAK, COMPARABILITY WiTH VIA 


Beyond the general, but important, point that they are usually government- 
owned and operated, and heavily subsidized, examination of foreign rail- 
way passenger systems, other than Amtrak, gives little guidance in resolving 
Canadian issues. 
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With few exceptions, worldwide railway passenger services are not com- 
mercial enterprises financed through passenger revenues. For the most 
part, passenger services are operated by government owned and supported 
railways. Table 6 summarizes three key indicators for VIA and for the national 
railway passenger operations of the United States and a number of member 
countries, of the Organisation for Economic Co-operation and Development 
(OECD), based on operating results for the year 1986. 


Table 6 
COMPARISON OF INTERNATIONAL RalL PASSENGER SysTEMS, 1986 


Railway Operating Average 
market share? cost recovery trip length 
(%) (%) (km) 


Japan 
Switzerland 
France 

Austria 

Spain 

Italy 

Belgium 
Denmark 

United Kingdom 
(West) Germany 
Sweden 
Netherlands 
Finland 

Norway 
Canada” 

United States? 


Source: T.H. Oum and C. Yu, An International Comparison of the Economic Efficiency of 
Passenger Railway Systems, a report prepared for the Royal Commission on 
National Passenger Transportation, RR-08, October 1991. 


a Percentage of passenger-kilometres (metro systems excluded). 


b Intercity only. 


In terms of operating cost recovery, VIA is near the bottom of the scale, but 
it is worth noting that few railways recover more than two thirds of operating 
costs. Also, with a variety of accounting practices** and the inclusion of 

some freight activity, the data presented in Table 6 are not strictly compara- 
ble. The average trip length illustrates an important difference between VIA 
and the OECD railways. Average passenger journeys are much longer in 

Canada. While some difference is due to geography, long-distance commuter 
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and frequent regional services are a major part of most OECD systems. This 
is illustrated by the market share: VIA had less than 2 percent of the market, 
less than half of that of the lowest market share OECD railway system. 


Most comparable to the Canadian railway passenger situation is that of the 
United States. The U.S. rail passenger system, Amtrak, was formed in 1971. 
Improvements in performance over recent years are examined below for 
Amtrak as a whole and by three service type categories. These are contrasted 
with the comparable VIA history. Service-specific data for Amtrak operations 
are presented and contrasted with data for VIA operations with similar super- 
ficial characteristics, and some explanation for performance differences 

is developed. 


5.1 RECENT AMTRAK PERFORMANCE 


Table 7 summarizes Amtrak performance at the system level from 1983 to 
1989. The data for the table were primarily taken from Amtrak accounts 
and therefore do not include much of the cost associated with capital 
investment — depreciation, interest or cost of capital. Monies for capital 
investment allocated from Congress are not reflected in Amtrak’s accounts. 


Much of Amtrak’s improvement took place in the mid to late 1980s. The key 
points of note for this period are: 


* Amtrak has averaged 2 percent annual growth in ridership. On top of this, 
the average trip length has increased by more than 20 percent. 


* There has been a steady improvement in financial performance as evi- 
denced by a 50 percent increase in the revenue/total cost®* ratio (from 
0.45 to 0.66). 


* Total operating expenses per passenger-kilometre fell by 5 percent, 
before taking inflation into account.?® Adjusting for inflation, expense 
per passenger-kilometre dropped by 22 percent. While this represents a 
measure of cost control, it also reflects growing ridership and a sharing 
of costs over more passengers. | 


¢ There has been a significantly high, sustained program of investment by 
the U.S. government in Amtrak’s equipment and infrastructure. 


Table 7 
AmrTrak Historical Data (cuRRENT US$ UNLESS SPECIFIED) 


Resources 
Cars (operating fleet) 1,480 1,379 1,523 1,661 1,705 1,710 1,742 
Locomotives (operating 

fleet) 273 284 291 291 289 298 312 
Miles of roadway 23,159 | 23,356 | 23,394 | 23,499 | 23,499 | 23,499 | 23,499 
Capital expenditures 

($ million) 215 351 293 175 138 184 n.a. 
Employees 21,740 | 22,891 | 23,418 | 24,832 | 24,832 | 24,832 | 24,832 


Traffic/Operating data 
Passengers (million) 
Passenger-miles (million) 
Train-miles (million) 
Car-miles (million) 


Financial ($ million) 
Operating revenues 
Operating expenses 
Net operating income 


Ratios/Indicators 
Passenger-miles/ 
employee (thousand) 
Passenger-miles/ 
train-miles 
Average trip length (miles) 
Operating revenues/ 
passenger-miles® 
Operating expenses/ 
passenger-miles® 
Revenue/Total cost ratio 
Revenue/Total cost ratio 
(Amtrak)° 
Revenue/Short-term 
avoidable cost 
Revenue/Long-term 
avoidable cost 


Note: n.a. = not available. 
a Converted to 1989 constant U.S. dollars. 
b Amtrak excludes depreciation from costs but includes non-federal subsidies 


($7.8 million in 1989) in revenue. 


* Fare increases in excess of inflation have played a role (on average) in the 
improvement in financial performance, but do not appear to be the driving 
factor. Total revenue per passenger-kilometre increased some 13 percent 
after taking inflation into account. What is not clear is how much of this 
increase is attributable to passenger revenues and how much is attribut- 
able to increases in other revenues. The language of the trade literature and 
Amtrak’s annual reports suggests that the latter contribution is considerable. 


* Two of the major factors driving the steady reduction in unit operating 
costs have been changes in the way labour is compensated and improve- 
ments in asset utilization. For example, the average trainload (passenger- 
kilometres/train-kilometres) rose from 147 to 189, while the traffic density 
(passenger-kilometres/route-kilometres) progressed from 183,000 to 
249,000. At the same time, crews were switched from the traditional 
distance base to an hourly pay system. 


* Labour productivity, as measured by passenger-kilometres per employee, 
also improved by 3.3 percent per annum, although when measured in 
terms of trains handled it was static, suggesting that the productivity 
improvements were driven by growth in traffic volume. The data 
suggests a strategy of exploiting the company’s advantages, particularly 
its highest density services, and reducing the cost of losers (but not 
necessarily eliminating them). 


* The improvement in financial performance was not achieved by signifi- 
cantly reducing the size of the network. For the U.S. passenger system, 
service reductions occurred with (not after) the creation of Amtrak.3”7 To a 
great extent, Amtrak appears to have been created as a rationalized network. 


5.2 AMTRAK PERFORMANCE BY SERVICE CATEGORY 


Table 8 compares Amtrak performance by service category, using 1989 data 
obtained from Amtrak (presented on a route-by-route basis in Table 10) 
and 1981 data reported in a Congressional Budget Office study.*8 


Amtrak divides its routes into three categories. 
Northeast Corridor (NEC): These are five short/medium-distance intercity 


services in the most densely travelled corridor in the United States. The 
NEC is owned by Amtrak; it is being upgraded (extension of electrification, 
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new equipment) primarily with public funds as decided by Congress. NEC 
services are characterized by the fastest trip times, the largest number of 
departures, the best on-time performances, and the highest revenue per 
passenger-kilometre (about 50 percent higher than the system average). 
The level of service on the New York City-Washington route has more in 
common with 200 kilometres per hour high-speed rail service, in terms of 
service attributes if not the speed, than with other North American passen- 
ger rail services. The NEC carries more than half the system traffic (passen- 
gers), for short average distances (211 kilometres). The revenue/LTAC ratio 
is 1.41 (system: 0.97), and reaches 1.81 for the premium service metroliners. 


Table 8 
AMTRAK PERFORMANCE BY SERVICE CaTecoRY: 1981 ann 1989 (1989 US$) 


Passengers (’000) 10,792 11,413 5,048 4,726 4,707 5,456 
Passenger-km (millions) 1,756 2,349 1,078 1,038 4,799 6,012 
Revenues ($000) 191,755 | 344,402 89,207 101,894 | 357,439 | 456,591 
Short-term avoidable 

cost ($’000) 200,032 | 189,451 150,149 | 107,049 | 543,663 | 465,098 
Long-term avoidable 

cost ($’000) 242,538 | 243,964 | 182,055 | 132,649 | 659,189 | 614,685 


Average trip length (km) 
Revenue/passenger-km ($) 
STAC/passenger-km ($) 
LTAC/passenger-km ($) 
Revenue/STAC ratio 
Revenue/LTAC ratio 


Short-Distance Services: These are 15 short/medium-distance services; 
daily departures range from one to seven per day; average speeds are from 
03 to 100 kilometres per hour; 11 of the 15 services have on-time performances 
of 70 percent or above. In terms of markets served, level of service and 
financial performance, the “better” short-distance services are comparable 
with VIA’s southwestern Ontario, Toronto—Ottawa and Ottawa—Montreal 
services. Only a few of the services compare to VIA’s former regional ser- 
vices. The short-distance services carry one fifth of Amtrak’s riders, for an 
average trip of 219 kilometres; revenue per passenger-kilometre (9.8 cents) 
is close to the system average. 
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Long-Distance Services: These are trips exceeding 12 hours in duration and 
include both north-south and transcontinental routes. (They are analogous 
to Canada’s western and eastern interprovincial trains.) In the majority of 
cases, service is daily. Anumber of the services, particularly between 
Chicago and the West Coast, are split into separate sections in Salt Lake City 
or some other centre to provide direct service to a number of destinations. 
Speeds are relatively slow (88.5 kilometres per hour or below), while on- 
time performance is less reliable than other Amtrak services. The long- 
distance services carry 26 percent of Amtrak’s riders for an average trip 

of 1102 kilometres; revenue per passenger-kilometre is 21 percent lower 
than the system average. The financial ratios are similar to those of the 
short-distance services (LTAC ratio of 0.74). 


Table 8 indicates that the improvements in Amtrak performance were 
broadly based. Although the degree of financial improvement, as measured 
by the two revenue/cost ratios, was the greatest for the NEC, the LTAC ratio 
improved by 61 percent for the short-distance services and by 47 percent 
for long-distance services. 


The data further suggest that the reasons for the financial improvements 
varied. Significant reductions in costs per passenger-kilometre occurred 
across the board, ranging from 26 percent (short-distance) to 32 percent 
(long-distance) for short-term avoidable, and averaging 24 to 25 percent 
for all groups for long-term avoidable. However, on the revenue side, real 
yields remained constant for long-distance services, improved moderately 
(19 percent) for short-distance services, and most significantly they improved 
by 34 percent for northeast corridor services. 


Long-distance fares were presumably constrained by air competition in 

the aftermath of deregulation. When measured in terms of average fare, the 
NEC increase was even more impressive, due to the 30 percent increase in 
average trip length. 


5.3 COMPARISON WITH VIA 


There are differences in costing treatment and in the determination of 
equitable payments by the passenger operator to the freight railways that 
affect the apparent relative costs and cost recovery. 
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Initially, payments by Amtrak for services provided by the freight railways 
were based on strictly avoidable*? or short-run variable cost. Canadian rail- 
ways’ remuneration is mandated according to a long-run variable” defini- 
tion. This was not intended to provide full cost recovery; the initial contracts 
with Amtrak provided that the “railroad is willing to waive, during an interim 
period, certain elements of compensation. .. .” However, for most railroads 
dealing with Amtrak that initial period is over. They have negotiated con- 
tract amendments that provide, in aggregate, improved remuneration. 


Increasingly, both Amtrak and VIA negotiate contracts with the freight rail- 
ways, that may depart from the cost definitions above, for track occupancy 
and other services. Nonetheless, the base line for negotiation seems to 
remain the cost computed pursuant to the operational legislation for each 
system. In essence CP Rail and CN Rail receive payments compensating 
them for a broader definition of the track ownership and maintenance and 
other costs of services provided to VIA than applies to the U.S. railroads for 
services provided to Amtrak. While the differences between VIA and Amtrak 
in this area are substantially more favourable for Amtrak, it is of little conse- - 
quence in terms of services viability. VIA’s train service agreements with 

CN and CP now account for, at most, 10 percent of VIA’s total expenses, and 
any savings from more stringent terms would be a small fraction of that 
small percentage. 


The ownership, by Amtrak, of assets from which it can earn income effec- 
tively defrays some of the deficit from intercity passenger rail operations. It 
also means Amtrak's cost recovery percentage appears to be higher, relative 
to that of VIA, than it otherwise would be. For example, if Amtrak’s incre- 
mental long-run costs of earning the $360 million in other revenues in 1989 
were one third of that level ($120 million), the total cost recovery rate for 
passenger train operation would be 50 percent, not 66 percent. This should 
not be misinterpreted as stating that Amtrak somehow “hides” its true losses 
or has “hidden” subsidies; Amtrak has simply found other, non-passenger, 
sources of revenue with which to share the cost of some of the assets and 
operations that are required for the passenger operations. 


In the comparisons that follow, no attempt has been made to adjust the 
financial data or for differences in accounting practices or payment prin- 
ciples as discussed above. This would require considerable analytical effort 
and could be imperfect at best. More importantly, it would add little to an 
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understanding of the principal differences between Amtrak and VIA from the 
perspective of the Royal Commission. The key observation is that Amtrak 
has been able to improve its financial position progressively and substan- 
tially. VIA’s results, on the other hand are clouded by externally imposed 
(by government decision) routes and services changes and unusual expenses; 
however, it is apparent that cost recovery improvement paralleling that of 
Amtrak has not occurred. 


A quick comparison for 1989 reveals sharp differences as presented in 
Table 9. 


Table 9 
COMPARISON OF 1989 PERFORMANCE BY AmTRAK, VIA 


Total passengers carried (millions) 
Total cost recovery ratio (depreciation excluded) 
Operating deficit per passenger (US$ and CAN$) 
Operating deficit per passenger-km (US$ and CAN$) 
“Service-related” revenue per passenger 

“All other” revenue per passenger (US$ and CAN$) 


VIA‘s operating deficit per passenger is more than three times that of 
Amtrak. VIA’s revenues cover about a third of operating costs; Amtrak’s 
cover well over two thirds. 


Although VIA’s average fares lag behind those of Amtrak for comparable 
trips by approximately the exchange rate (if that is an appropriate measure), 
the differences cannot be substantially attributed to revenue yield or average 
fare. Amtrak is attracting about 15 percent more “service” revenue per pas- 
senger than VIA. This is reasonable since Amtrak's average passenger trip 
is about 16 percent longer than VIA’s, and on a passenger-kilometre basis 
Amtrak’s US$ yields averaged slightly less than VIA‘s (in CAN$). It is of 
interest to note that Amtrak’s yields for the Northeast Corridor are noticeably 
higher than VIA’s M-O-T corridor yields while their regional and long-distance 
yields are noticeably lower than VIA’s for corresponding business segments. 


Amtrak receives state subsidies, known as section 403(b) payments,‘' for 
some of its operations. These are treated as earned revenue. While such 
payments vary greatly by route, the total in 1989 was only $7.8 million, less 
than $0.37 per passenger on a system basis. With the exception of a small 
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payment by the province of Ontario, VIA receives no non-federal monies. 
Thus, non-federal subsidies are not significant in a comparison between the 
United States and Canada. 


The non-passenger, non-subsidy revenue appears to make a significant dif- 
ference. In 1989 Amtrak earned approximately $360 million‘? ($17.00 per 
passenger) from contract commuter operations, contract shop and mainte- 
nance operations, right-of-way leasing, real estate development, electrical 
co-generation and mail and express services. Such earnings account for 
nearly 30 percent of Amtrak’s total revenues. VIA earned almost no such 
revenues. In the case of mail and express, VIA has concluded that there 

is little opportunity in this area. In the case of commuter operations and 
station development, VIA has not been in a good position to exploit any 
opportunities since many of the assets belong to CN and CP.43 


Such additional funds could not, however, drastically reduce the gap between | 
Amtrak and VIA. Assuming the same level of gross revenue per passenger 
and that only one third of the revenue represents incremental long-run — 
avoidable costs, then VIA’s deficit per passenger might be reduced by 
some 15 percent. But it would still be about two and a half times higher 
than Amtrak’s, after correction for the difference in passenger trip lengths. 


It is clear that Amtrak is outperforming VIA, and it is on the cost side that 
the major differences between VIA and Amtrak must be explained. There 
are a number of areas noted below where Amtrak has an advantage over VIA. 


¢ Amtrak has been operating for many years with new or rebuilt equipment. 
With the exception of the LRC, which was an unfortunate acquisition, 
VIA is just starting to obtain new locomotives and rebuild cars. 


¢ Amtrak, to a large extent, has rationalized its crew size and a number of 
other labour practices. VIA is just starting. 


¢ Amtrak's average train load is 20 percent greater than VIA’s. This results 
in a lower average cost per passenger in many functional areas, such 
as crew. 


¢ Amtrak’s activities constitute a more balanced network and are more con- 
centrated than VIA’s. Amtrak has a more rational system than has VIA in 
the way that its routes and schedules link to each other and to maintenance 


ME 


facilities, resulting in more intensive use of assets such as cars, locomotives, 
maintenance facilities and stations. This again contributes to a lower cost 
per passenger. For example, Amtrak gets 50 percent more use out of a 
passenger car than does VIA. Much of VIA’s lower utilization is driven 
solely by the nature of VIA’s network and service frequencies, not by the 
age of its fleet. | 


« Amtrak may pay the freight railways less for the use of track than VIA. 
As noted below, the Amtrak legislation specifies incremental costs as 
the basis for track pricing. For VIA it is long-run variable, including the 
long-run variable portion of the cost of capital. 


From the available relative data for comparable services, it is estimated that 
VIA might be operating in the 60 percent range“ for overall operating cost 
recovery if it had: 


¢ Amtrak’s crew practices and costs; 

¢ up-to-date equipment; 

* no remote or very low-density regional services; 
* greater passenger loads per train; and 


¢ Amtrak’s management practices and effectiveness. 


It has been popular to argue that, were VIA managed as efficiently as Amtrak, 
it would recover a substantially greater portion of its cost. The above differ- 
ences are relevant to this topic. Amtrak’s relatively easy access to costless 
Capital from Congress, and the fact that the cost of this capital is not 
reflected in the company’s accounts, are probably more important. 


Comparison of Individual Services 


Figure 2 compares the general level of cost recovery for Amtrak services and 
for VIA services in 1989. The ratio used for VIA services is revenue to avoid- 
able cost (as calculated by VIA); for Amtrak the ratio of revenue to LTAC has. 
been used. While there may be a slight bias against VIA, the two measures 
are comparable.*° Nonetheless, it is clear that the frequency distribution 

of VIA cost ratios is well to the left of that of the Amtrak services. In 1989, 
most NEC services covered their long-term avoidable costs; none of the 

VIA services did. 7 


Mn 


Figure 2 
AmTrak AND VIA Cost REcovERY BY SERVICE 
COST RECOVERY IS SCATTERED 


Number of services 
20 


15 


Less than 0.2 0.2-0.4 0.4-0.6 0.6-0.8 0.8-—1.0 More than 1.0 


Cost recovery 


G8 VIA Rail a Amtrak 


Note: Data are for 1989 (prior to 1990 cuts) 


Amtrak route-specific financial and operational data are presented in 

Table 10. Figure 3, contrived to illustrate similarities and differences among 
services, compares traffic density for Amtrak and VIA services, based on 
1989 data. 


Traffic density is defined as passenger-kilometres per route-kilometre. 

The other axis indicates the average trip length for a rider on the service 
(passenger-kilometres per passenger). Caution should be exercised in 
drawing detailed service-specific conclusions from this figure, particularly 
on some of the (mostly longer distance) Amtrak services that are not named 
on the illustration. There are difficulties with definition. Is a train that origi- 
nates in Chicago and splits in Salt Lake City continuing in sections to Oakland, 
Seattle and Los Angeles one service? or three? or four? 
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Figure 3 | 
AmTrak AND VIA Services — DENSITY AND LENGTH 


Density (thousands) 


1,000 


VIA and Amtrak 
10 ' : 
. services differ. 


0; . 500 1,000 1,500 2,000 
Average passenger trip (kilometres) 
@ VIA Services %* Amtrak Services 


© VIA: Discontinued in 1990 


. Sources: Data provided by carriers and Royal Commission staff calculations. 


Note: Density = pass-km per route-km. 
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However, it is clear that there are fundamental differences between the low- 
density regional and remote services provided by VIA and Amtrak's higher- _ 
density operations, differences that do something to explain VIA’s poorer 
cost recovery. There are also VIA and Amtrak services that are sufficiently 
similar to make general comparison reasonable, and here the VIA cost 
recovery (see Figure 4) may not always fall below that for Amtrak. For 
example, the recovery of the Chicago—Milwaukee service might not appear 
superior to Toronto—Stratford—London if the cost of both are stated on 
equivalent bases. This would require much more detailed research, and 
overall, Amtrak's cost recovery is clearly superior to VIA’s. 


Viewing the comparative data: 


¢« VIA runs (although several of the services shown in Figure 3 were cut 
in 1990) low-density routes with short average trips, with which no 
Amtrak services are even remotely comparable. These regional and 
remote services can benefit neither from economies of density, nor 
from good load factors.*® 


- VIA has at least one service, Montreal to Toronto, with characteristics 
that appear favourable relative to some of the more viable Amtrak opera- 
tions. For example, in many respects this VIA service would seem to 
be the equal of, with possible advantages over, the Los Angeles to San 
Diego service which recovers 84 percent of long-run avoidable cost, 
and the New York to Niagara Falls service for which 98 percent is recov- 
ered. The question arises: Why, when so well placed relevant to high 
cost recovery Amtrak services, is this VIA service not closer to being 
financially viable? 


The relationship of this service to the NEC including the metroliner 
(electric) operation is also instructive (NEC conventional and metroliner 
services recover 137 percent and 181 percent of LTAC respectively). Of 
course, NEC densities are much higher than those of Montreal-Toronto, 
and there is electrified operation. 


¢ There are four Amtrak moderate-density services with characteristics similar 
to VIA’s Quebec City-Windsor services (other than M—O-T). These include: 


Operating Cost 


New York-—Niagara Falls 98% recovery 
Philadelphia—Harrisburg 41% recovery 
Chicago—Milwaukee 55% recovery 
Oakland—Bakersfield 67% recovery 


All are losing money and would show greater losses if evaluated on a 
fully allocated cost basis. However performance appears superior to simi- 
lar VIA services. Toronto—London (53 percent avoidable recovery) is not 
dissimilar to the Chicago—Milwaukee or Philadelphia—Harrisburg Amtrak 
services, and all three share the large-to-small city, as well as the short- 
distance, low-density characteristics. Oakland—Bakersfield has superficial 
comparability to Montreal—-Quebec City, although the capital contribution. 
by the State of California clearly aids the Amtrak service. VIA’s Toronto— 
Ottawa (69 percent avoidable cost recovery) is similar to Amtrak's New 
York—Niagara Falls services. Here again, Amtrak clearly benefits from state 
payments under section 403(b) and from the use of the turbo equipment. 


Figure 4 illustrates operating cost recovery for selected Amtrak and VIA ser- 
vices. Excluded are services where the average passenger travels less than 
100 kilometres, services where sleeping accommodation is provided and 
Amtrak’s metroliner. At least some of Amtrak’s apparently superior cost 
recovery is attributable to a more generous accounting treatment and not 
greater operating efficiency. More important, however, are the parallel rela- 
tions of cost recovery to density, and the relatively poor performance of VIA's 
lowest density services, some of which were eliminated in 1990. It is also 
relevant to note that few services of either railway recover their operating cost. 


Although cost recovery was not the government's only objective for VIA, it 
is apparent from Figure 4 that this objective would have been better served 
by eliminating more of the sparsely used VIA services, while improving ser- 
vice and increasing fares on the popular runs. This was the strategy adopted 
for Amtrak, especially at the outset. Of course Amtrak does not provide 
service to remote communities without road access. 
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Figure 4 
AMTRAK AND VIA: 1989 Operatine Cost Recovery: INTERMEDIATE Distance Now-SLEEPER SERVICES 


Operating cost recovery 
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© VIA: Discontinued in 1990 


Sources: Data provided by carriers and Royal Commission staff calculations. 


Note: Density = pass-km per route-km. 


At this juncture of the analysis, a definitive response to the question of the 
potential viability of the VIA regional services eliminated in 1990 is appropriate. 
These are among the services falling in the low-density/low-cost-recovery 


quadrant of Figure 4. A ten-fold demand increase would be necessary 
before there would be any prospect of operating cost recovery. This is not 
a realistic prospect. 


6. PoTENTIAL EFFECT OF DIFFERING AMTRAK AND VIA MANDATES 


Differences in the nature of the United States and Canadian markets, different 
accounting treatments, different payment arrangements for access to the 
track infrastructure, greater renewal, at the government's expense, of 
rolling stock, and assets with value beyond the provision of intercity railway 
passenger services, only partially explain Amtrak’s superior financial perfor- 
mance. Further, an important question remains only partially answered: 
Why has the financial performance of Amtrak improved so impressively 
while that of VIA has been, at best, stagnant? 


Amtrak and VIA may serve similar roles, continuance of the non-commuter 
railway passenger services that would have been abandoned by commercial 
enterprises permitted to do so, but there are important differences in the 
degree and nature of the government's role versus that of corporate 
management. 


Amtrak is a relatively independent quasi-public corporation with a “for 
profit” mandate and “owned” by its participating railroad common‘? share- 
holders.48 It is managed by a board of directors that includes nominees of 
the Department of Transportation, a state governor and representatives of 
commuter agencies, the business community and organized labour. Congress 
has the principal policy-making role and audits Amtrak’s performance. Funds 
are channelled to Amtrak by Congress through the Federal Railroad Admin- 
istration but there is not believed to be Administration intervention on routing, 
service or pricing matters. From a current perspective, the substantial ration- 
alization of Amtrak services in the early 1970s, according to a service plan 
developed by the Department of Transportation, was doubtless influenced 
by political considerations, but it was massive and left the corporation with 
a network that allowed efficient use of equipment and fixed plant assets. 


VIA is managed by a board of directors appointed by the government, but 
effective decision making, with respect to most service parameters with an 
important public profile, is exercised directly by Cabinet and the Minister of 
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Transport, advised by Transport Canada. VIA’s president is appointed directly 
by the government, not by the Board of Directors. Pricing, routing and ser- 
vice levels on one hand, and equipment and fixed facilities capital invest- 
ment on the other, all tend to be effectively controlled by the Minister.*9 
Even timetable adjustments require the Minister’s approval; if approval is 
delayed, ticketing and reservations cease. The formal participation of VIA 
executive management in the political process that determines its service 
levels is minimal, and effective intervention is largely through the press. 


Amtrak and VIA have quite different reporting relationships and conse- 
quently, very different results in terms of latitude for managerial discretion 
and public and legislator influence of, and participation in, the decision- 
making process. 


6.1 VIA AND AMTRAK MANDATES 


VIA Rail is, in a formal sense, accountable to the Minister of Transport (and 
effectively Treasury Board) for the provision of a specified package of services _ 
in exchange for specified (subsidy) payments, under the terms of a formal 

- (annual) contract between them. There is no legislation, other than the 
Appropriation Act and the Financial Administration Act that specifies a rela- 
tionship between VIA and either Parliament or the Minister. The contract is 
quite specific with respect to operational parameters such as equipment 
deployed, capacity offered and schedules. The terms of the contract are 
negotiated, and performance under the contract is monitored, by Transport 
Canada staff on behalf of the Minister. It is specified that any departure 
from the relatively detailed specifications in the annual contract must be 
approved by the Minister. VIA is accountable through the annual contract in 
force to the Minister, and the Minister is accountable for funds provided to 
VIA to the Treasury Board and Parliament. In practice, VIA is scrutinized and 
held accountable mainly through the annual budgeting and corporate plan 
approval process. 


Amtrak was created by an Act of Congress, the Rail Passenger Service Act, 
and is dependent for its operating deficit and capital funding on appropria- 
tion bills passed by Congress, traditionally overriding the recommendation 
of the Administration. The annual authorization of funding may be accom- 
panied by amendment to the Rail Passenger Service Act, quite an open 
process. In a practical sense, Amtrak answers to Congress as a whole 


ME 


regarding the financial performance of the corporation, and to individual 
Congressional representatives where its activities are of local interest. 
Amtrak is accountable to the Federal Railroad Administration only for safety 
matters. While justification of VIA’s performance and continuance is concen- 
trated on the Canadian Minister (as influenced by political colleagues), it is 
Amtrak that must build and maintain its own political constituency. The cor- 
poration itself balances local interests as necessary to maintain its funding, 
and has the opportunity to best accommodate its network and efficiency 
considerations. 


Amtrak may not be perfectly free in its ability to make commercial decisions, 
just as CN is not perfectly free, but VIA’s situation is much worse. Like 
Amtrak, VIA would only have a chance to make a profit with a network 
reduced to a handful of services. However, VIA’s lack of a viable mandate 
and the commercial freedom necessary to improve its financial circum- 
stances, as distinct from relative managerial competence,°° must bear some 
responsibility for the magnitude of its poor performance relative to Amtrak. 


As discussed, the absolute level of Amtrak’s higher cost recovery is influ- 
enced by circumstances that include advantages of infrastructure ownership, 
income not related or loosely related to the corporation's role as provider of 
intercity railway passenger services and mandated advantages in Amtrak’s 
dealings with the freight railways. Amtrak’s financial advances during its 
early years may be attributed to the sorry state of the system it inherited 
and rationalization of its network, but the corporation has now been oper- 
ating for over 20 years, and improvements have continued long after 
rationalization was essentially complete, while VIA’s cost recovery has 

not improved. 


Without presenting definitive proof in the form of a comprehensive man- 
agement audit, it is suggested that the only logical explanation is that 
Amtrak has made decisions that have been more focussed on improvement 
of commercial viability than equivalent decisions by VIA (and by successive 
ministers and governments for VIA) have been.°! In essence, as a business, 
Amtrak has been better managed. With VIA, the key management decisions 
of service, price and investment have been and continue to be elements of 
the political process. Amtrak appears to have benefited from greater freedom 
and more structured and open accountability. 
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6.2 RE-EQUIPMENT AND THE LRC EXAMPLE 


VIA's short history is replete with examples of decisions (for which the car- 
rier is financially accountable) that were made through the political process 
for reasons other than the most cost-effective provision of railway passenger 
services. Among these, the effects of the purchase of the Light Rapid 

and Comfortable (LRC)°? locomotive (a complete reversal of VIA’s staff 
recommendation) are perhaps the most painful. 


Although the stimulus that the development and production of the LRC had 
on Canadian industry may have been worth the expenditure — and this 
development doubtless made an important contribution to Bombardier’s 
expansion in the world market as a supplier of rail passenger (mostly urban 
transit) equipment — the cost of this government industrial policy was 
passed on to VIA. Of course, the cost of this locomotive to VIA only started 
with the capital cost; when the LRC proved unable to provide quick and reli- 
able service, breakdowns became routine, on-time performance dropped, 
and operating costs climbed. These locomotives, and a second order pur- 
chased after the problems were proven in practice, are now being stored 

_ until they can be unobtrusively disposed of. However, the long-run impact 
on VIA remains. 


The LRC issue is an example of the difficulties facing both VIA itself and 
those in the government who must make long-term investment decisions 
for an organization without a long-term mandate and floating in red ink. 
Since the beginning, VIA management emphasized the fact that its equip- 
ment was outdated. The negative results are widespread: more spare cars 
and locomotives must be owned, operating costs are high, reliability is low 
(resulting in loss of ridership and the ability to charge premium prices), 
routine maintenance and servicing costs are high, and significant resources 
must be devoted to persuading cars and locomotives to last yet another 
few years. 


Despite years of study, debate and negotiations, by the end of 1989, VIA 
was just starting to rebuild part of its long-distance fleet. There were no 
confirmed plans for dealing with the balance of the VIA fleet. To complicate 
matters, the only major fleet renewal consisted of rebuilding 1955 vintage 
Cars at a cost in excess of a million dollars a car. 
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Amtrak undertook fleet renewal early in its existence, although the extent 
to which equipment was rebuilt and upgraded was much less than VIA is 
undertaking. The Amtrak fleet rebuilding was aimed at providing reasonably 
reliable cars while new cars were being acquired. In VIA’s case, although 
there was little debate over the identification by the Minister’s Task Force 
of new equipment and modernization as necessary if VIA were to provide 
effective service and control its deficits, the question of VIA’s continued 
existence became the stumbling block. Is VIA to continue? If so, under 
what constraints and with what mandate? 


6.3 CONSEQUENCE OF CONTINUANCE WITHOUT A LONGER TERM 
MANDATE 


There is no question that VIA’s operating costs could be reduced and rider- 
ship improved through the rebuilding or the replacing of equipment. What 
is not as clear is whether such investments are worthwhile in the sense that 
capital requirements will be less than the (present) value of the accumulated 
deficit reduction. Would a half billion dollar investment in new equipment 
provide any substantive improvement in the financial health of passenger 
rail, or would it merely shift the deficits from the operating accounts to the 
capital account?®3 More importantly, much of the potential savings attributed 
to new equipment was the avoidance, over the longer term, of continual 
costly programs of partial rebuilding, retrofitting, overhauling and generally 
patching up obsolete equipment. It is questionable whether this is a legiti- 
mate base from which to assert that new equipment would be a “profitable” 
investment. The option of eliminating these costly programs by eliminating 
VIA, in other words VIA‘s future, should be decided first on the basis of 
whether the benefits of a modernized VIA justify (in economic and/or other 
terms) the cost. Then, if longer-term retention were decided, the re-equipment 
question could be addressed rationally. 


Investments in track upgrading, equipment maintenance facilities and sta- 
tions have been made but there is some indication that a longer term com- 
mercial focus is lacking. As an example, without question there is a high 
demand for travel between Montreal and Quebec City, and the possibilities 
have obviously attracted VIA. Yet, although over $50 million have been 
spent on infrastructure, nothing that could compete with two uncongested 
freeways has been approached. The CP Rail north shore track was upgraded 
at a cost of at least $23 million; yet this investment was far less than would 
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have been needed to make a real difference, and VIA does not now use the 
north shore track. The Gare du Palais was renovated at a reported cost of 
$28 million (with the Montreal-Quebec City rail trip time increasing by 

30 minutes for the additional travel to the Gare du Palais). Any benefits, in 
terms of a truly competitive rail service between Montreal and Quebec City 
can only come after substantial future infrastructure enhancements (and 
cost). No comprehensive plan has been disclosed; perhaps different partici- 
pants in the decision process have somewhat different plans and objectives. 


The above is intended to illustrate the more difficult aspects of VIA’s exis- 
tence without a clear mandate and set of targets from which to operate. 
While there have been investment programs, there is an obvious lack of 

a long-term government commitment to modernized railway passenger ser- 
vices. in Canada. To be sure, Amtrak has had its difficulties with funding; 
however, there is commitment by Congress to Amtrak and a mandate for 
longer term decisions. The same cannot be said for VIA. Various observers 
have even questioned whether VIA was created as a means of quietly getting 
out of the passenger rail business. Perhaps on the part of CN, it was. Now, it 
is for the government to decide whether to cut its losses after 10 years of a 
low and deteriorating rate of cost recovery, or whether to commit to passen- 
ger rail over the longer term. In the interim, there is no evidence to suggest 
that VIA’s performance can improve significantly. 


7. VIA'S CoRPORATE MANAGEMENT 


While VIA has been operating in a less than ideal environment, should 
some part of the responsibility be laid at VIA’s own doorstep? Has VIA‘s 
management performed as well as the constraints it faced would allow? 
The questions of VIA management's mandate and the real/ set of objectives 
it actually faced are important. If cost recovery and the deficit were central 
to the real mandate, it would seem strange that an efficient management — 
facing an uncertain future and a host of detractors — would make decisions 
that resulted in a steadily increasing deficit and a stagnant level of cost 
recovery. The answer here may well lie in VIA management's emphasis 

on such statistics as on-time performance and ridership growth. 


The day-to-day signals from VIA’s owner (the government) did not empha- 


size efficiency and cost recovery. It has been suggested that cost recovery 
is not in VIA’s mandate, and that its management should not be judged on 
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that. Various VIA officials have pointed out that, in 1988, they developed a 
cost-recovering service** Rocky Mountaineer — and that it was “taken away 
from them” (privatized in 1989). There is an obvious negative incentive 
here. Regardless of whether cost recovery and the deficit are important in 
VIA’s objective function, however, there are clearly financial constraints on 
management’s short-term and probably also longer term freedom of action. 


Perhaps too much attention has been paid to improving service and building 
up a structure for the long term and insufficient attention has been paid to 
day-to-day business concerns. Perhaps the predominant attention has been 
too short-term and institutional. Perhaps management has misread signals 
from government or perhaps it has found no incentive for financial improve- 
ment. Again, there is the question of what was expected of VIA by the gov- 
ernment. It is not obvious that an organization, subjected to public criticism 
over its on-time performance, should concentrate its efforts on cost cutting 
with a target of improving cost recovery from 30 percent to 33 percent. 

But, such a 10 percent relative improvement would be an astounding, if 
unacclaimed, management achievement. Yet this achievement results in 
little, if any, acknowledgement or reward; whereas VIA’s improved on-time 
performance has received wide acclaim. 


VIA has often been accused of inefficiency, of having too great an adminis- 
trative component, of studying things to death, and generally acting like a 
large profitable, or perhaps well-endowed, national institution rather than 
as a business at the brink of insolvency. A number of points with respect to 
management and efficiency were raised in 1985 as part of the Minister's 
Task Force on VIA. VIA did not seem to have undertaken the steps that the 
freight railways or the airlines have taken towards streamlining at all levels 
over the past decade. For instance, the first major cut in administration, 

205 positions, took place in 1989, and only after the government decision to 
reduce VIA’s funding. VIA reports that these reductions were identified by 
internal task forces and were unrelated to the downsizing. If this is the case, 
why did VIA wait until the middle of 1989 to act? What other measures 
might have been implemented? 


What might be implemented now? The cost analysis gave some Clear indi- 
cations in this regard; overheads are high. The belief, expressed by some 
VIA managers, that eventually everything will fall into place and that new 
equipment, maintenance facilities and so on will save the day is not well 
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founded. However, before marked improvement can really be expected, 
realistic expectations for VIA must be established and management's 
achievements acknowledged and rewarded accordingly. 


8, REMOTE RAIL SERVICES 


VIA Rail operates rail services over eight routes which are classified as 
remote since these are locations without access to all-weather roads. Total 
ridership on these remote services in 1990 was 80,000. These passengers 
account for 10 to 15 percent of VIA’s total subsidy. As is discussed below, 
however, most of the passengers on these trains are travelling to and from 
the more accessible points on the line where alternative transportation (the 
road mode) is available. 


Most of the data for the following analysis were provided by Transport 
Canada and VIA Rail. The analysis and its conclusions are the authors’. 
Ridership patterns for the remote services are shown in Table 11.. 


Little evidence is available to explain why remote service ridership 
generally declined between 1985 and 1989. The important issues are: 


¢ Is the decline largely the result of declines in ridership over the non- 
remote segments of these routes? 


* Is the population of remote areas declining, thus reducing the inherent 
demand for transportation services? 


* Has there been improvement in the transportation alternatives in the 
remote areas? 


* Have the residents of the remote areas been travelling less? 


The 40 percent decline in ridership from 1989 to 1990 is even more puzzling, 
especially since preliminary figures suggest that ridership in 1991 only 
rebounded on a few of these services. VIA’s cutbacks and restructuring 
affected these services only slightly.55 On some routes, especially Winnipeg- 
Churchill and Jasper-Prince Rupert, the decision to eliminate tour opera- 
tions has resulted in reduced ridership. This emphasizes the fact that much 
of the transportation provided on these routes is not designed to meet the 
needs of remote residents who have no alternative means of transportation. 
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Table 11 
PaTRONAGE OF VIA Ra's Remote Services: 1985 To 1990 


[Change in riders (%) in riders (%) 
1986 1987 1988 1989 89/85 90/89 


Winnipeg- 

Churchill 57,493 | 50,334 | 52,009 | 48,847 | 44,298? 
Wabowden- 

Churchill 1,631 1,041 952 797 399 
The Pas— 

Lynn Lake 11,616 9,156 8,660 8,871 7,679 
Sudbury- 

White River 8,598'| 10,423 9,590 | 10,195 9,805 
Capreol- 

Winnipeg 71,643 | 65,057 | 54,616 | 54,101 48,479 
Montreal-— 

Senneterre 54,615 | 50,798 | 42,979 | 43,197 38,131 
Senneterre— 

Cochrane 6,815 5,997 5,329 5,043 4,293 
Montreal- 


Jonquiére 37,295 | 34,416 | 31,350 | 31,400 27,248 


[Sevtotar eas 706 [rz.22 [sags anzast | 80592| 79.261 


-27 —56 
es eM 

Jasper-—Prince 
Rupert 23,394 1229,712:4026,817 |-26,6651) 227,771 11 16,766 16 -38 


= RA P= 


Source: Data from Transport Canada. 


arr This datum is 1,000 passengers greater than the equivalent figure (from another 
source) in Table 2. 


b The Capreol-Winnipeg remote service has been provided by the Toronto—Vancouver 
train since 1990. . 


c The Jasper-Prince Rupert service was declared a mandatory (remote) service in 
October 1989. 


Another possible explanation of the recent decline is a change in the ticket 

price structure which eliminated a 40 percent discount for return fares. If this 
is the case, the decline in ridership would suggest that the issue of not having 
alternative means of transportation is not as great as it was once thought.°® 


Table 12 presents costs, revenues and deficits for the various remote services. 


The figures of Table 10 are based on an approximation of VIA’s fully allo- 
cated costs, including depreciation but not including an allowance for the 
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cost of capital on assets used to provide the remote services. These figures 
are limited to actual annual operating expenses; costs of restructuring the 
network following the 1990 cuts have been eliminated from the data: no 
allowance for future productivity gains has been included. 


Table 12 
REMOTE PASSENGER Rail SERVICES SUBSIDIES 


Jasper-Prince Rupert 
Montreal—Jonquiére 
Montreal—Senneterre 
Winnipeg—Capreol 
Senneterre—Cochrane 
Sudbury—White River 
Winnipeg—Churchill 
Wabowden-Churchill 
The Pas—Lynn Lake 


VIA total (excluding 
remote) 

Remote as percent 
of VIA total 


Subsidy 


Cost Cost Subsidy 
recovery per Total recovery per 
subsidy ratio passenger | subsidy ratio passenger 
($’000) (%) -km ($) ($’000) (%) -km ($) 
12,688 
5 587 
9,799 
1,927 2 
3,082 =. 
19,409 8 
59 8 
1,267 10 


Remote services account for about 3 percent of total VIA ridership and 
revenues but they account for 7 to 10 percent of total workload as measured 
by car-kilometres or train-kilometres. This disproportion tends to reduce 
VIA‘s overall financial performance. 


8.1 REMOTE AREAS CAPTIVE TO RAIL 


One of the popular misconceptions about VIA’s remote services is the actual 
size and scope of the remote areas served. Many of these services pass 
through a remote area, but few of the services are limited to only serving 

a remote area. In some cases, trains may serve non-remote areas simply 
because they must pass through them (loaded or empty) in order to gain 
access to a reasonable terminal location or maintenance facilities. For the 
most part, however, the remote services routings currently in operation are 
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an artifact of the pre-VIA national railway passenger network and provide 
passengers with rail access not only to remote areas but to other areas of 
the country as well. When other regional services were eliminated, those 
that provided remote access were simply exempted. For the most part, 
they were not redesigned. 


Routings and utilization for each remote service are described below. 


Montreal—Jonquiére 


The route is 496 kilometres from Montreal. The remote area lies in the 
middle between Riviére a Pierre (237 kilometres northeast of Montreal) 

and Lac Brochette (66 kilometres southeast of Jonquiére). While there is a 
network of bush roads and winter roads, only one location (Lac Edouard) is 
served by an all-weather road. No permanent population centres have been 
identified within the remote segment. 


Passenger survey data®’ indicate that less than 40 percent of the total rider- 
ship involves travel to or from the remote segment of the route. Nearly one 
quarter of these remote trips involve travel to or from Lac Edouard which is 
served by an all-weather road, albeit a somewhat circuitous route compared 
to rail. There is little or no ridership between remote locations. The other 
60 percent of the total service ridership is “local” traffic at the southern 
end of the route or riders passing through the remote area. In the case of 
some of these through passengers, the train may be the most direct and 
through route. Of the passengers to/from the remote area, most indicated 
that the purpose of the trip was access to a seasonal recreational residence 
or a hunting/fishing club. One quarter of the stops in the remote area have 
the word “Club” in the place name. 


The rail line has a well established freight traffic base consisting mainly of 
long trains operating from the Lac St-Jean area to Montreal with a stop at 
the Garneau Yard (just west of the remote area) for a crew change. 


Montreal—Senneterre 


This route is 703 kilometres from Montreal. Only the northern 60 percent is 
remote. All locations south of Fitzpatrick (La Tuque) are served by all-weather 
roads. Most of the larger communities on the southern portion of this route 
have bus service. The estimated permanent population of the remote area 
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is 2,400. The Community of Parent, with bush road access and air access, 
accounts for a third of the remote total. 


Passenger surveys suggests that 65 to 72 percent®? of the total ridership 
involves trips to and from the remote section of the line. Approximately 
two thirds of this ridership are from the southern end of the route. The 
remaining one third represent trips between Senneterre and the remote 
area. Only 10 percent of the total ridership is trips through the remote area 
from Senneterre to southern destinations. The balance of the passengers 
using this line take “local” trips in the area between Montreal and La Tuque. 
Similar to the Montreal-Jonquiére service, many passengers use the 
Senneterre service to access seasonal residences and hunting/fishing lodges. 
There are at least 10 such establishments listed in the timetable. The 
Senneterre passenger service is also used to access remote employment 
areas, especially for forestry. 


There are reasonable volumes of freight using this line, much of it through 
trains between Senneterre and the Garneau Yard and beyond. Freight, 
especially wood chips, originates on the remote section of the line, but 
there does not appear to be any regularly scheduled way or local freight 
services which serve the entire remote section. 


Senneterre—Cochrane 


The majority of the population affected by this service is in the Abitibi 
region of northern Quebec which comprises the eastern 156 kilometres of 
the route. There is a well-developed road network; all communities served 
by rail are also served by roads. Bus service is provided in the area by two 
companies. The truly remote section of the route is 60 to 70 kilometres from 
the Quebec-Ontario border to access points on Lake Abitibi. The final 40 to 
50 kilometres into Cochrane appear to have all-weather road access. The 
remote area has a reported all year population of 10 plus up to 75 seasonal 
residents. In addition, the train provides access to Lake Abitibi for campers 
and tourists. 


Passenger surveys showed that 60 percent of the traffic consisted of local 
trips within the non-remote segment of the route or trips between this 
non-remote segment and southern destinations via connections with the 
Montreal-Senneterre service.® Seventeen percent of the ridership involved 
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trips between Cochrane and the Senneterre region (or more southerly points 
where the access was via the Montreal-Senneterre service). The balance — 
only 22 percent of the total passengers — were trips between Cochrane 

and the remote section along Lake Abitibi. 


Canadian National no longer operates freight service on the remote segment 
of the route and had been authorized to abandon the line between Cochrane > 
and LaSarre. The abandonment order was stayed by the Governor-in- 
Council in the fall of 1991. 


The Pas-Lynn Lake 


Most of the 389-kilometre route between The Pas and Lynn Lake is remote. 
Only the southern section (88 kilometres from The Pas to Cranberry Lake) 
plus a short segment near The Pas is served by road. Through bus service 
is available between the terminals via an alternative route. The northern 
terminal (Lynn Lake) has a road connection to Thompson plus air service. 
There is daily bus service to Thompson. 


While the total catchment area has a permanent population of 13,000, 

only 1800 people are shown in census data as living in areas without road 
access. Most of these are residents of the Pukatawagan Reserve (population 
1,620) 138 kilometres south of Lynn Lake. There is a public airport on the 
Pukatawagan reserve, but no regularly scheduled air service. 


Survey data show that nearly all of the ridership involves travel to/from 
remote locations. Only a small fraction of trips are through trips (The Pas-— 
Lynn Lake) or between points where there is an adjacent road. Most of the 
ridership is trips to/from Pukatawagan. Half of the Pukatawagan trips are 
to/from The Pas or Lynn Lake and half are to/from the remote areas. 


Canadian National operates way freight service between The Pas and Lynn 
Lake once a week. The VIA cars are carried on this train. On the other two days 
per week, train operation is essentially the same although there are no sched- 
uled freight cars. On these days, the train is costed as a full passenger train. 


Winnipeg—Churchill 


While this 1,698-kilometre route is often thought of as a single entity, it 
is made up of three distinct segments, with vastly different market and 
operational characteristics: 


© The non-remote “southern” segment (NRS) between Winnipeg and The 
Pas is a 780-kilometre route. All communities served by the railway in this 
segment have all-weather road access and many of the larger communi- 
ties are served by bus. 


¢ The 220-kilometre segment from The Pas to Wabowden is partially served 
by the main road to Thompson. Of the 20 points listed as served by rail, 
eight have no road access and four have bush road access. The total per- 
manent population without alternative access is 500 and is concentrated 
near the end of a bush road at the northeastern corner of Cormorant 
Provincial Park. 


¢ The 700-kilometre segment between Wabowden and Churchill has no 
highway. With a population of 14,300, Thompson, Manitoba is the largest — 
centre in this area. It is served by road from The Pas/Wabowden. There is 
also a road connection between Thompson and Gillam, 252 kilometres by 
rail. There is air service to Thompson, Gillam and Churchill. In addition, 
there are public airport facilities shown at Thicket Portage, Pikwitonei and 
Ilford. Including Wabowden, but excluding Thompson, the total permanent 
population along this line is 5,300.°' Of these, less than 2,200 are without 
all-weather roads. Two thirds of those without road access live in Churchill. 


Ridership surveys yield the following breakdown on the Winnipeg—Churchill 
service: 


Trips entirely in the non-remote southern (NRS) area 10% 
Trips between the NRS area and Thompson/ 

Wabowden/Gillam 5% 
Trips between the NRS area and the remote areas 3% 
Trips between the NRS area and Churchill 28% 
Trips between the remote area and Churchill 1% 
Trips between Thompson/Wabowden/Gillam and Churchill 21% 
Trips within the remote area (excluding Churchill) 31% 
Unknown but involving remote origin or destination 1% 
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Of the trips within the remote area, few are between centres with alternative 
road or air access (such as between Wabowden and Thompson). Much of 
the ridership in this area consists of short-distance trips between Thompson 
and Pikwitonei, Thicket Portage or adjacent communities. 


Jasper-Prince Rupert 


Little of the 1160-kilometre route from Jasper to Prince Rupert is remote. At 
the eastern end there is a 185-kilometre segment centred around McBride 
where there are 14 railway locations listed with either no road access or only 
bush road access. The total population of these settlements is 110. In this 
area, the railway line runs parallel to the Yellowhead Highway but on the 
opposite side of the Fraser River. There is an 80-kilometre segment centred 
on Burns Lake where there are four railway locations listed with either no 
road access or only bush road access. The total population of these settle- 
ments is 58. Here again, the rail line is closely followed by the Yellowhead 
highway and it is not possible to tell how far these settlements may be from 
the road. Near Terrace, there is a 120-kilometre segment where there are 
eight railway locations without road access. The population (1 to 10) is known 
for only one of these locations. In this area, the rail line is on the opposite 
side of the Skeena River from the highway. There are also two communities 
(population unknown) 25 kilometres inland from Prince Rupert without 

road access. 


Transport Canada has also identified a number of native communities with 
a total population of 6000 located within 40 kilometres of the Jasper—Prince 
Rupert line. From the available maps, none could be identified as being 
captive to rail. 


Survey data showed that only 7 percent of the ridership on this route 
involved a remote origin/destination. Nearly all of these trips originated or 
terminated at Dorreen — population unknown — some 50 kilometres west 
of Terrace.® 


Sudbury-White River 


There are 37 locations on the 484-kilometre Sudbury—White River route 
without all-weather road access.® A further two communities have bush 
road access. The total permanent population of these 39 points is estimated 
to be 316, the majority of whom are located at the two settlements with 
bush road access. The upper limit of the seasonal population is estimated to 
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be 1,200. There is a developed road system in the region; however, it is one 
of north-south roads crossing the rail line rather than an east-west parallel 
road. For the most part road access between two points is more circuitous 
than the rail routing. No significant segments of the rail line pass through 
non-remote areas. 


Survey data indicate that 40 percent of the ridership involves trips to/from 
remote points. There are few trips between remote points. A further 34 per- 
cent of the trips are between Sudbury, Chapleau and White River. These 
communities have alternative access. There are no origin or destination 
data for at least 20 percent of the riders. 


Capreol-Winnipeg 


The 1498-kilometre route can be divided into the following segments: 


* The 478 kilometres between Capreol and Hornepayne pass through largely 
empty areas. Only 12 communities are listed along the rail line in this seg- 
ment. Of these eight are without all-weather road access, although Oba 
has alternative rail access via the Algoma Central Railway. The total. 
permanent population along this segment is listed as 28. The seasonal 
population is about 225. 


* The 615 kilometres between Hornepayne and Sioux Lookout also pass 
through largely empty areas, although there are some populated areas 
with a road system. Of the 17 communities listed on the rail line, nine 
lack all-weather road access. All of these communities are located on the 
western half of the segment. The permanent population of this remote 
segment is estimated to be 175. The seasonal population is estimated 
to be about another 100. 


¢ There are seven points along the 115-kilometre rail line between Sioux 
Lookout and Red Lake Road. Five do not have road access. The permanent 
population of these communities is less than 10. The seasonal population 
is 37. 


* The 290 kilometres between Red Lake Road and Winnipeg is an intensive 
cottage and tourist area. The western 110 kilometres is well served by 
road. There are at least 10 locations listed on the rail line in the eastern 
part of this segment which are not served by all-weather roads. The total 
permanent population not served by road is 125. The seasonal population 
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is estimated to be approximately 2,000. It is worth noting that the largest 
remote community in this region is Brereton Lake (at the entrance to 
Whiteshell Provincial Park). It appears to be accessible via Manitoba 
Highway 307 (a two-lane paved secondary road).°* Brereton Lake accounts 
for nearly three quarters of the remote permanent and seasonal population 
in this area. There has been significant road building and upgrading in the 
past decade. There may be other remote communities in this segment 
which now have or soon will have alternative access. 


At present the Capreol to Winnipeg route is served by the Toronto— Vancouver 
train. Thus the costs attributed to the remote service are those related to the 
incremental capacity, passenger handling and ticketing, station facilities, 
and any costs related to a slower transit time through northern Ontario due 
to the additional stops. In the years immediately before VIA’s restructuring, 
the service was provided by separate trains running three-days-a-week. 


Passenger survey data indicate that the traffic on this route is evenly split 
between the Capreol—-Hornepayne, Hornepayne-Sioux Lookout and the 
Sioux Lookout-Winnipeg segments of this route.® On the two eastern 
segments, roughly one third to one half of the trips involve a remote origin 
or destination. On the western segment, most of the trips appear to be 
between Winnipeg and the remote cottage/lodge areas. In general there is 
little or no traffic between remote points and little travel between locations 
in the individual segments. It is worth noting that in 1989 the average length 
of a passenger trip on the Capreol-Winnipeg service was 250 kilometres — 
far longer than is necessary to provide remote access. 


Property owners who depend on VIA Rail to provide weekend train service 
to their camps are dissatisfied with the present Tuesdays, Thursdays and 
Saturdays arrangement. The campers and their association are petitioning 
VIA for regular dependable weekend train service.®° 


8.2 REMOTE ACCESS ISSUES 


The apparent rationale for continuing to provide these remote rail passenger 
services at a subsidy per passenger-kilometre five times higher than the 
national passenger rail average is the notion that the populations so served 
have no adequate alternative means of transportation, and that they have 
an entitlement to continuation of rail service. 
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But, what is meant by “adequate alternative means of transportation”? Is 
direct road access the criterion? Does having access require public transpor- 
tation? Must this be scheduled surface transportation? Is regularly scheduled 
common carrier or charter air service, at a much higher ticket price than rail 
or bus, an adequate alternative? If one considers scheduled bus service, how 
close must the bus stop be to be considered an adequate alternative means 
of transportation? There are many communities in Canada which might be 
classified as remote by applying the criteria implicit in VIA’s services. 


Does an adequate alternative require there to be common carrier service 
or simply alternative infrastructure — road or airport — to allow access? 
How do the most used forms of transportation in most of the communities 
involved — boat and snowmobile — fit in? 


In the same vein, does any obligation to provide adequate transportation in 
remote areas require the provision of rail service from each remote location 
to anywhere in the national system or merely from the remote location to 
the nearest community with road or air access? Is the obligation to provide 
transportation the same to “true residents” of remote communities or to 
anyone who wishes to go — including tourists, cottagers and hunting parties? 
In this case, the distinction blurs since the tourists, cottagers and hunters 
may be necessary to support the livelihood of the “true” residents of a 
number of remote communities.® Is there an obligation to provide rail 
service where it may be significantly more direct and convenient than 

road service? 


Another consideration with respect to remote services is the type of 
passenger. In some communities, the main employer is the (freight) 
railway. Indeed the community may only exist to support the railway 
function. Even non-railway employees may only be there because of the 
railway. Is the provision of passenger transportation to such communities 
an obligation of the government or (as before VIA was created) an obliga- 
tion of the railways? Clearly, access for employees is part of the normal 
cost of operating railways in remote areas. 


There is no obvious point at which the provision of public passenger service 
becomes a necessity. What is clear, however is that many users of the pre- 
sent remote railway services travel between points where there are appar- 
ently adequate alternatives that would be considered entirely reasonable 
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in other contexts. Yet, provision of similar levels of service in areas where 
there is no remote aspect has long since been discontinued. 


8.3 OPTIONS FOR REMOTE SERVICES 


With reference to the above issues, in the discussion that follows, the main 
assumption is that publicly supported remote rail passenger services should 
be limited to what is necessary for the remote areas. The services should be 

_ designed to bring the passengers out to the closest convenient point where 
transfer can be made to some other mode. Usually this would be a local 
community with road access and scheduled bus service. Such a community 
would generally also have services, particularly shopping, that many remote 
residents would wish to access regularly. 


It makes little sense for passengers to be moved at high cost for hundreds 
of kilometres by rail where there is a parallel road and bus service that 
affords a convenient connection for a short and relatively economical rail 
trip into the remote area. Also, continuing rail operations need not always 
be the most effective and economical way to provide remote access. Air or 
road infrastructure may be more appropriate in some circumstances. 


Presuming that it is decided that there is some need, however defined, for 
railway transportation in remote areas, there is also a well recognized need 
to reduce the net subsidy required for these services. 


Given the nature of the services, there is not much scope for improving cost 
recovery through revenue enhancement. A doubling or even tripling of revenue 
would not greatly reduce the subsidy requirements. In most cases, a market 
does not exist for improvements and much of the incremental revenues 
would be consumed by the incremental costs of providing a service that 
would attract additional ridership. Thus, any control of subsidies must come 
more from the reductions in the extent of the routes and the control of costs. 


The Mixed Train Alternative 


Given the present institutional arrangements, the mixed train alternative is 
the least cost method of providing railway passenger service in remote areas. 
As late as 1955, CN listed 90 to 100 routes in its timetable where mixed train 
services were offered. A mixed train is simply a freight train with passenger 
cars. Where demand is very light and a caboose is still used, a separate 
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passenger car might not even be required.®® Compared to a conventional 
passenger train, the direct operating costs charged to VIA of a mixed train 
could be 75 to 80 percent lower. There is no technological reason for this 
difference, the freight railways historically have simply not charged for crew, 
locomotives and track access. They have only charged the incremental fuel 
and maintenance costs of the passenger cars. 


Even if the railways were to charge for crew, locomotives and other expenses 
on a fully allocated basis, the mixed train would be financially attractive. 
compared to the operation of a passenger train. The advantage is that 

one train could be operated instead of two separate trains, resulting in 

a reduced requirement for crews and locomotives. 


The mixed train alternative is presently used only on the weekly Wabowden- 
Churchill service and on some of The Pas—Lynn Lake runs. Why are mixed 
trains not used more? There are a number of reasons: 


¢ Passenger service must be provided on a fixed schedule. On many routes 
the way freights operate on an as and when needed basis. Thus it may 
be impossible to schedule the service.® 


¢ The way-freight service must cover the section of route that a passenger 
train would cover. Often way-freight assignments do not match the 
passenger routes. 


¢ The mixed train service must be provided by a way freight or other local 
train. There may be through freights that meet the geographical criteria 
and operate on a sufficiently regular schedule. However, there are often 
practical and commercial issues which make stopping a 5000-tonne 
express freight every 15 kilometres for passengers inappropriate. 


¢ There may also be a concern of providing passenger transportation in 
trains handling dangerous commodities. Gasoline, chlorine and similar 
substances may often be handled on way freights. 


There appears to be little potential for a reasonable replacement of many of 
the present remote passenger trains with mixed trains. This is due primarily 
to the fact that there are now only a few regular way freights. CN and CP 
traffic patterns should be reviewed in detail before the mixed train option is 
completely discarded. A much better fit between freight and passenger may 
exist if passenger service is only provided between truly remote areas and 
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the closest centre tied in with the rest of the national passenger transporta- 
tion system. Perhaps some incentive might be offered to the freight railways 
to harmonize local freight with such passenger operations. 


While the mixed train option may be the least expensive means of delivering 
‘remote services, it must also be recognized that it may also be the least 
convenient means as well. Trip times will be longer to allow for switching and 
other activities and the ride quality may deteriorate. These considerations 
must be balanced against the costs. 


8.4 ANALYSIS OF INDIVIDUAL ROUTES 


This section examines, in a very preliminary way, the circumstances of 
each of the present remote services based on the apparent requirements 
for remote transportation discussed above. 


One of the most striking ramifications of the analysis is a questioning of 
whether VIA is the appropriate vehicle for delivery of remote rail passenger 
services. With few exceptions, a restructured (remote service only) route 
would not be physically connected to VIA’s network. The nature of these 
services is such that the use of VIA’s marketing, reservations and customer 
services expertise may not be necessary, and VIA would simply become an 
administrative intermediary between the government and the actual operat- 
ing railway. In some ways it may be necessary to undo some of the changes 
that have taken place through the implementation of VIA Rail. For example, 
it is probably more effective to draw on the existing CN crew rosters to 
operate passenger trains in northern Quebec rather than maintain a separate 
set of VIA crews in the area. 


Northern Manitoba 


A detailed examination of all instances of subsidized remote rail passenger 
travel is beyond the scope of this preliminary analysis. However, use of 
the Winnipeg—Churchill service as an example should illustrate the issues 
involved, and their possible resolution. 


There are three reasons for the selection of Churchill as the example: 


¢ Churchill is the only substantial Canadian community (approximately 
1,200 residents) with rail but no road access. 
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¢ At $19.5 million in 1990, Churchill services require the largest single remote 
rail subsidy. Excluding Jasper—Prince Rupert, which is not really a remote 
service, the Churchill services account for almost half of total remote rail 
subsidies. 


¢ Churchill has two quite different rail services. A full service (including 
dining and bedroom facilities) train operates over a 1700-kilometre dis- 
tance from Winnipeg. A mixed freight and passenger train only goes 
to Wabowden (through Gillam). Gillam, only 300 kilometres south of 
Churchill, has regular bus service to Winnipeg. 


With costs allocated on the basis of revenue, the transportation of a passen- 
ger from Winnipeg to Churchill, including basic sleeping accommodation,” 
costs $3,000; the cost to the passenger is $230 (plus GST). The cost for a 
passenger willing to sit up for two nights is $2,050, and the fare is $157. 
Scheduled time is 35 1/2 hours. The regular one way air fare is $353 
(including Air Transportation Tax (ATT) but not GST); discount excursion 
fares start at $331 return. The rail fare for the 6 1/2 hour trip from Gillam 

to Churchill is $40; bus from Gillam to Winnipeg costs $91.35 and takes 

15 hours for bus-rail totals of $131 and 24 1/2 hours (including a three- 

hour wait in Gillam). 


Intervenors at the Commission’s hearings included the Churchill Develop- 
ment Board. Its presentation focussed on the importance of long-term con- 
tinuance of an improved railway passenger service with an upgraded rail 
bed to the town’s tourist industry. Specifically requested were: additional 
sleeping cars in the summer, replacement of the cafe/iounge car with a 

full dining car and a dome-type observation car, group discounts, and an 
improved reservation system tailored for tour operators. Use of passenger 
rail by the town’s residents was not mentioned. 


Almost all, if not all, use of the rail service by persons lacking alternative 
transportation (at least four-wheel drive access to within a few kilometres 
for most of the year) are located north of Wabowden. They are served by 
the weekly mixed freight and passenger train from Wabowden to Gillam, 
continuing the next day from Gillam to Churchill. Continuation of this 
service but elimination of the train to Winnipeg would save approximately 
$20 million in subsidies annually, or $1,650 per year for every resident of 
Churchill, many of whom rarely, if ever, use the train. 
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The Wabowden-Churchill operation cost $105,000 in 1990. To the extent 
that former riders of the Winnipeg train used it, and no increase in capacity 
was required, the cost recovery for this service would rise. At the 1990 aver- 
age of two passengers per train run, capacity is not a problem; however, 
addition of another passenger coach to the freight train should be achiev- 
able at modest (less that $100,000) cost. Even were it decided to increase 
mixed train service to thrice weekly, or operate short daylight passenger 
trains, estimated subsidy, of the order of $2 million annually, would 
represent a 90 percent saving over present levels. 
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This points out one of the most obvious issue with respect to the Winnipeg— 
Churchill: /s there a need for a rail passenger link between Winnipeg and 
northern Manitoba at all? Nearly half of the route has no remote component. 
Serious consideration must be given to moving the southern terminal of 
the route to The Pas, Wabowden or even Thompson. This would eliminate a 
significant part of the operating costs of the service, but would require some 
expansion in maintenance and servicing facilities in the North as well as 
some periodic non-revenue movements to Winnipeg of passenger equip- 
ment for maintenance. On the other hand, service could be provided with, 

a single trainset rather than the two trainsets presently required. 


Given that much of the demand in this area is for local service in to and 

out of Thompson, consideration might also be given to the operation of a 
separate local service in the Thompson area, perhaps connecting as far as 
Gillam and reducing the number of through passenger trains to Churchill. 
Experiments with various railbus technologies in the mid 1980s in this area, 
confirmed the potential for such a service. 


As noted above, northern Manitoba is a special case. Unlike any other 
route, the far terminal — Churchill — is without road access. The passenger 
train is also used to provide intermodal freight service to Churchill, from 
Thompson, however, not Winnipeg. With the exception of grain trains, the 
sole purpose of the line to Churchill is to provide remote access. If the rail 
line is to remain at all, there is no reason to impose an artificial separation 
between the provision of general freight and passenger service as well as 
the maintenance of the infrastructure itself. One unified operating entity 
should be established in this area. The Churchill line is also a case where 
billing some of the cost of the infrastructure through the passenger system 
creates a somewhat artificial cost structure. As much as 20 percent of what 
VIA pays in avoidable costs are charges from CN for infrastructure use. 
This is simply part of the cost of maintaining an operational and operating 
line to Churchill. 


While the focus should be solely on the provision of service on the northern 
segment of this line, VIA’s recent experience has demonstrated that there 
is some opportunity to commercially exploit an upscale rail tourism market 
to Churchill. A tourist section might well be operated during the summer 
and potentially could contribute to the cost of providing the basic service. 
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Exploitation of any such opportunity should be a separate commercial 
venture. Certainly, it should not be an integral part of a heavily subsidized 
remote access operation. 
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Jasper-Prince Rupert 


lf a through rail passenger service between Prince Rupert and Jasper is to 
be maintained as part of western interprovincial services for tourism or 
other reasons, then serving the few remote locations with this train as is 
presently done would be the most cost effective means of service delivery. 
The incremental costs to serve these remote areas appear to be minor. Remote 
service, however, should not be the driving force behind maintaining the 
present long-distance service. 


Given the apparent demands for remote access, service could be provided 
by mixed train, provided there are sufficient scheduled way freights between 
Prince George and Jasper and between Prince Rupert and Smithers. There 
is no evidence, however, that the appropriate freight trains exist. As an 
alternative, rail diesel car service’ could be provided in these two areas 

at a cost significantly less than the present service. This would leave only 
the four communities near Burns Lake (total remote population 58) to 

be accommodated. 


It would also be of value to examine the transportation demand and alterna- 
tives in more detail. Some areas might be better served by road or air. Some 
of the areas may not be as remote as thought. The survey data raises serious 
questions as to whether there is a need for any form of rail service to the 
areas identified as remote. 


Senneterre—Cochrane 


On this route, it appears clear that there is no need to provide a through ser- 
vice to provide remote access. The northern end of Lake Abitibi can best be 
served from Cochrane. There appears to be adequate alternatives between 
Senneterre and Cochrane, and the Abitibi area of Quebec is well served. 


lf rail is to be used, it would be necessary to acquire some 90 kilometres of 
track from CN and undertake some investment in upgrading.’* The Ontario 
Northland Railway — either in its own right or as an agent of the Government 
of Canada — would appear to be the appropriate vehicle for operating this 
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segment. VIA has no presence in the Cochrane area. The ONR has a signi- 
ficant presence in the area and has already acquired CN’s line running west 
from Cochrane. It could be expected that the ONR could potentially operate 
a service at little incremental expense. With a short distance and no freight, 
it might also be possible to avoid or postpone line upgrading costs. With no 
freight traffic on the line, it might also be possible to use some form of modi- 
fied non-standard railbus rather than conventional passenger equipment. 


A road alternative has also been identified by the Ontario Ministry of 
Transportation as being feasible. Upgrading costs are estimated at two to 
seven million dollars. 


Montreal—Jonquieére 


If only the remote areas are to be served, a train could be operated out of 
the Garneau Yard — the closest convenient crew change and equipment 
layover point. Such a change would cut the route length nearly in half. In 
this instance, there appears to be little scope for a mixed train. Nearly all | 
freight movements consist of long, fast non-stop trains which are unsuitable 
for mixed train operations. 


An alternative consideration would be the use of one or two upgraded rail 
diesel cars at a capital cost of two million dollars each to replace the one loco- 
motive and three or four conventional cars presently deployed which eventu- 
ally will require major upgrading or replacement. Depending on crew on-duty 
time limits, it might be possible to cover the remote area and return in a sin- 
gle day.’? Such an option may require some expansion in equipment facilities 
at Garneau to accommodate routine servicing of the equipment. This type of 
option is estimated to substantially reduce the operating subsidies compared 
to the present system. The capital costs of providing RDCs are likely to be the 
same or lower than what will be required eventually for the present service. 


A road alternative might also be considered. Unlike the Senneterre-Cochrane 
case noted above, this option would require a substantial road building/ 
upgrading program rather than marginal upgrading in one specific area. 


Montreal—Senneterre 


The issues related to providing remote service on this route are similar to 
those on the Montreal—Jonquiére route. There appears to be an existing 
service between La Tuque and Senneterre — two established crew change 
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points. From an operational point of view, the use of Senneterre as a base 
of operations would be attractive since it is CN’s major centre in the area 
with some equipment servicing capability. Freight traffic between Senneterre 
and La Tuque is such that the use of mixed trains may be possible. There is 
no evidence, however, that the appropriate way freights now exist although 
some of the operating savings of a mixed train might be offered as an 
incentive to CN to restructure its freight system to provide the schedules 
required for such a service. 


In the event that mixed trains do not prove feasible, the use of short self- 
propelled equipment which can provide reliable operations in winter 
conditions would contribute to reducing operating expenditures. 


Sudbury-White River 


Given the use of separate passenger trains, there are few options that might 
prove significantly less costly than the present three-day-per-week 
operation. No segment of the route could be dropped without abandoning 
some remote communities. Neither road or air alternatives appear to be any 
less expensive. 


This route points out the issue of balancing the costs to the public of pro- 
viding remote services against the convenience and needs of the users of 
the service. At present, a passenger cannot go to one of the regional centres 
and return on the same day, and many trips to White River or Chapleau 
may not allow the traveller more than an hour in*town during business 
hours without an overnight stay. At least one proposal has been identified 
which would address this problem. While some of the additional cost could 
be recovered from increased revenues, how much extra public cost can be 
justified to provide convenient service, especially where half of the ridership 
may not be truly remote without alternative access? 


Capreol—Winnipeg 


As with the Jasper—Prince Rupert service, the present method of serving the 
remote areas in northern Ontario by the Toronto—Vancouver interprovincial 

train is probably the lowest cost alternative. In the long term this presupposes 
the continued operation of a transcontinental train. The remote service may 
be one of the factors considered in any decision regarding Toronto-Vancouver 
service, but not the determining factor. 
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In the absence of the Toronto—Vancouver train — or other through train — 
some form of mixed strategy appears to be worthy of consideration. Some 
remote locations might be served by careful attention to road upgrading and 
expansion. Other seasonal, primarily tourism locations, could be served by air. 


Since the primary demand for rail service appears to be for short-distance 
trips, some form of regional self-propelled or mixed train service operating 
out of Capreol, Hornepayne and Sioux Lookout appears to offer scope for 
an improvement in costs. Forestry and mining are listed as primary activity 
at some remote locations. This would indicate that some form of local 
freight service exists. 


At the Winnipeg end, serious examination must be made as to how remote 
many of the cottage locations actually may be and what type of road 
upgrading may be necessary to provide access similar to that provided 

to other cottage areas in Canada. | 


8.5 REMOTE RAIL POLICY 


The above examples, or rather some of the potential resolutions, presume 
general principles and definitions with respect to remote community access. 
Such access can be defined in two dimensions: 


* access to the highway network; and 


* access to public transport. 


Most of Canada’s population has both; some communities have only one; a 
few Canadians have neither. Public transportation for Canadians with road 
access but who cannot afford or who cannot drive a car, among whom the 
elderly are prominent, is one issue. With respect to Canadians who lack 
access to the road network (the remote rail issue), any responsibility would 
logically seem limited to persons who have had public mode (rail) service 
for a sustained period. The responsibility would also be limited to the most 
economical basic coach and baggage service to a point where onward 

_ public (usually bus) travel is available. 


Where publicly provided road infrastructure is available, this is deemed by 


most as adequate access for very small settlements. Where there is no 
direct road connection, however, it would be unreasonable to assume the 
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ownership of a car once the person is transported to a point on the road 
system. Adequate connection into the transportation network is normally 
an affordable public mode connection. A decision to assume responsibility 
for the access of persons captive to rail does not necessarily mean that 
the persons concerned have a right to continued transportation service. 
Responsibility can also be resolved through compensation. 


Where abandonment of a passenger rail service leaves communities without 
direct road access, the size of the community (permanent residents, defined 
as 10 months of residence over each of the last two years) and the availa- 
bility of other transportation should be assessed. Transportation, in this 
context, would include four-wheel drive vehicle access, snowmobile.tracks 
and boat access to/from all-weather roads or points with air access; such 
modes may (even with train service available) be used a great deal more 
than the train. For communities where the principle raison d’étre is the rail- 
way itself and its maintenance, access via high-rail vehicle, freight trains 
and work trains would also be considered. It would then be decided whether 
communities losing passenger-rail service will be left with access inferior to 
the norm for generally equivalent communities without road access (that 
never had rail) — essentially, whether communities are rail dependent. 


Financial compensation of those residents deciding to relocate would be 
negotiated where allocation is more economical than continuance of the 
rail service. Financial compensation of rail-dependent seasonal businesses 
whose owners elected to abandon them could also be considered. 


Q. PERSPECTIVES FOR VIABILITY OF VIA SERVICES 


How viable are VIA’s individual services in the long term? Could any of the 
services recover costs from passenger revenues? 


The Toronto—Ottawa—Montreal services seem to offer the greatest prospect 
for viability. Results of the cost analysis for a projection of the status quo, 
service, however, show that even this service, with new equipment and a 
25 percent increase in ridership, would at best recover just over half of total 
costs (including cost of capital). Hypothetical inclusion of green credits’* would, 
even at an optimistic five dollars a passenger, only increase the level of 
(full economic) cost recovery to two thirds. 
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Judging from the Amtrak experience in the northeast corridor, a very sub- 
stantial increase in ridership and/or in ticket prices (most likely ticket prices) 
would still be necessary. However, it is unlikely that increases much more 
than those projected in this paper could be realized without fundamental 
change in the service package. 


Such change would require a very large investment in new and upgraded 
track and different equipment to allow Toronto—Montreal operations through 
Ottawa at present or lower transit times. This would allow for a potential 
increase in frequency to eight trains per day between the three major centres 
without any significant increase in fleet size and with an important improve- 
ment in trip times to Ottawa. However, an investment in reducing Montreal— 
Toronto trip times might be as effective; however, it is unlikely that either 
investment would be economically justified. The combination of the two — 
a high-speed Toronto—Ottawa—Montreal rail system — is the topic of exhaus- 
tive study. For an economic return on the capital investment required for 
such a system to be achieved, ridership and yield would have to increase 
much further. | 


The situation in the Montreal-Quebec City market is somewhat more per- 
verse. While there is substantial travel demand between the two centres, 
the presence of two relatively uncongested (outside of suburban Montreal) 
freeways results in a low market share for rail, and it puts a limit on the 
potential for increasing rail ticket prices. Also, although there are also two 
rail lines, the one that is well situated for a speedy Montreal-Quebec City 
passenger connection is not constructed to suitable standards. Substantial 
infrastructure investment would be required to allow VIA to penetrate the 
car and bus dominated market. 


Regardless of improvements, cost recovery levels for Montreal-Quebec City 
must be expected to continue to substantially lag behind those for Montreal— 
Toronto. Since these are connecting services, and partially integrated 

in terms of operation, a case can be made for crediting some potential 
Toronto—Montreal revenue to a Montreal—Quebec City upgrading. As with 
the size of the connecting rail traffic, any such credit would be small. More 
significant is the case for political symmetry — a system upgrading that 
links the capitals of Ontario and Quebec with the nation’s capital. 
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As noted earlier, the railway passenger mode in southwestern Ontario is 
dominated by traffic into and out of Toronto from much smaller communi- 
ties and thus can never hope to achieve high average load factors. The use 
of different equipment and organizing the service delivery more in line 

with commuter operations would no doubt allow an improvement from the 
36 percent cost recovery level projected in this paper, but 100 percent is dif- 
ficult to conceive, except possibly for a dedicated London service. In this 
context it is noted that, while there may be a Quebec City-Toronto corridor, 
there is really no Quebec City-Windsor corridor in the sense that, west of 
Toronto the service is better characterized as a local network of three ser- 
vices terminating in Windsor, Sarnia and Niagara Falls. The major commu- 
nities served are not oriented linearly, and little of the traffic is destined to 
the east of Toronto. 


If there is a key ingredient with respect to possible improvements in the 
viability of southwest Ontario services it would seem to be the progression 
of congestion on the local intercity highways, and its effect on the fares that 
travellers will pay to avoid it. A large (unrealistic) fare increase would be 
necessary to make existing rail services viable. An alternative would be sub- 
sidies contributed by government, presumably the province, in the name 

of congestion abatement; however, the cost of avoiding congestion would 
be high, and there would be equity concerns. In general, the economically 
advantaged use the train while those with low incomes ride the bus. 


Western Interprovincial services can be expected to improve somewhat 
from present levels, but recovery of much more than one third of total costs 
is unrealistic for a true transcontinental transportation service. The Amtrak 
experience is much the same. In this sector, the inclusion of green credits 
would not markedly affect viability; the difference between rail and other 
modes is simply not that significant. When considering the general issue of 
credits, it would be worthwhile to include a separate credit for any remote 
service that is provided by these trains. This would not be of consequence 
in terms of the viability of the service beyond the remote region. 


It would only be considerations of linking east and west (nation-binding) 
and of the promotion of tourism that might tilt an analysis and decision on 
the western services in favour of retention. The financial viability of the train 
services will augur against it. As noted earlier, tour trains can be viable in the 
western market, but the factors that lead to their financial viability (catering 
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to upper-income travellers and offering limited service frequency and desti- 
nations) may not be considered factors that justify public subsidy, owner- 
ship and operation of the transportation service. Further, the operation of a 
tourism service in order to subsidize basic east-west and western intercity 
rail transportation would seem neither feasible nor appropriate. 


VIA‘s analysis of the western services is quite similar to ours. For the next 
decade, VIA offers two options, both of which rely heavily on tourist services 
between Jasper/Calgary and Vancouver. One option includes the retention 
of a year-round Toronto—Vancouver train three days per week plus three- 
day-a-week, summer-season tourist service on both the CN and CP routes 
through the mountains. VIA expects that such a service package could 
recover 60 percent of total operating costs assuming sustained growth in 
ridership and real fare increases. This option would require new capital 
investment of some $140 million to provide additional train capacity and 
replace the present recently upgraded fleet. Inclusion of the capital would 
result in less than 50 percent total cost recovery. VIA’s second option fea- 
tures daily tour train service on both mountain routes during the summer 
season only. Capital requirements are modest — only $30 million. VIA 
anticipates that the tourist-only option would generate a modest operating 
profit, but the total cost recovery, including capital, would be in the range 
of 90 percent in the initial years. 


Commercial prospects for the eastern interprovincial services are much 

the same as in the West, except that there seems to be very limited tourism 
potential. Due to market factors, financial performance in the East is likely 
to always lag behind the West, and as with the West, inclusion of green 
credits is unlikely to improve viability to the extent that it might for Toronto- 
Montreal services. 


Another factor at play in the East is the generally declining level of total rail- 
way activity and profitability. Already, some of the track used by these ser- 
vices has been approved for abandonment; other line segments may follow. 
In such a situation, increases in the attribution of infrastructure expenses 

to the passenger services will be necessary.’® 


In the East, VIA has examined the option of a single daily train between | 
Montreal and Halifax via Campbellton with the elimination of rail service to 
both Saint John and the Gaspé. Assuming moderate traffic growth but no 
real ticket price increases, VIA estimates that this option could result in an 
operating cost recovery of just under 50 percent, with much of the financial 
improvement coming from the cost savings associated with consolidation 
of the present three train services. Inclusion of capital would bring the total 
cost recovery down to less than 40 percent. VIA also estimates that there 
may be some tourism potential in the East, but not enough to significantly 
alter the financial results. 


Financial viability per se is not the issue with VIA’s remote services. Such 
services are (or should be) only provided on the presumption that access 
alternatives to a subsidized rail service are either absent or would be more 
expensive. Thus the key questions for remote services are: How can costs be 
controlled? and What is the lowest cost method of providing these services? 
In some cases, non-rail alternatives may be the answer. In other cases, it 
appears that significant savings can be made by eliminating the long- 
distance trains in favour of trains which serve only the remote areas. 

In some cases, more use of mixed trains may be in order. However, the 
potential in this area is limited. 


10. THE Cost OF ELIMINATING SERVICES 


The discussion above indicates that few if any of VIA Rail’s services have 
significant prospects of viability without subsidy. The very mention of this 
topic suggests that some or all of the services might not be continued. In 
this context it is recognized that discontinuing such government provided 
services has its own cost. The present section develops an order of magni- 
tude estimate of the one time cost required to terminate the Canadian inter- 
city railway passenger network and the operations of VIA. The cost would 
depend on the way the system was wound down. It is assumed for this 
analysis that any termination would be done in an orderly, well-timed 
fashion — say over a year — rather than abruptly. 


The cost of termination is estimated to be $556 million — plus the budgeted 
subsidy for the year of termination — and would fall into the following 
categories: 


Severance/assistance for labour ~$ 407,000,000 
Terminating day-to-day supply and other contracts nil 
Terminating leases $ 20,000,000 
Clearing any unfunded pension liability $ 34,000,000 
The actual winding down of the company $ 25,000,000 
Losses in revenue for trains still operating $ 70,000,000 
Mitigation of environmental damage at facilities undetermined 


Against these costs a credit must be given for the net proceeds upon disposal 
of VIA’s assets. An overall value on the order of $250 million seems appro- 
priate for this credit. This value includes: 


Sale of cars and locomotives $ 68,000,000 
Disposition of infrastructure | . nil 
Disposition of stations $100,000,000 
Disposition of shops $ 75,000,000 
Disposition of other assets $ 10,000,000 


Each of these costs and credits is discussed below. 


10.1 LABOUR SEVERANCE 


A number of VIA’s unionized employees, with eight or more years’ service, 
have labour protection clauses in their collective agreements which amount 
to what might be considered a lifetime guarantee of employment,’® provided 
that the employee “remains available for work.” These guarantees apply 

to shopcraft employees and to non-operating employees (clerical, station, 
on-train staff and some support staff). The running trades (train and engine 
crews) do not have the same form of contractual job security. Instead 
individual agreements are negotiated in each instance under the material 
change provisions of the collective agreements. United Transportation 
Union (UTU) officials expect that settlements for the running trades would 
be similar in value to those obtained by other unions. 
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Many of VIA’s employees, especially those with the employment guaran- 
tees, are former CN employees who were transferred to VIA between 1978 
and 1988.’7 Seniority and years of service for all transferred employees 
date from the time the employee first entered CN or CP service. The transfer 
agreement between the railways for non-operating employees, on-board 
service staff and shopcraft employees provides no residual rights to return 
to CN or CP. For the running trades, the agreements provide that all former 
employees are entitled to return to CN in the event that they “can no longer 
hold work” at VIA. Presumably the closure of VIA would be a valid reason 
for not being able to “hold work,” which could lead to a situation where the 
closure of VIA led to layoffs of CN employees. This is not considered here. 


Based on the pre-cutback distribution of employees, between 35 and 40 per- 
cent of VIA’s projected 1993 work force of 4,200 employees may be entitled 
to some form of job protection or employment security benefits. This would 
apply to about 1,600 employees. The distribution by age group is not known, 
although many of the protected employees would be older than the average. 
For the purposes of the analysis, it is assumed that the one-time cost to 
terminate these employees would average $210,000 per person. This repre- 
sents an average of seven years’ payment at a rate of $44,000, discounted 
at 10 percent. This totals $336 million. 


This value of $210,000 per person may be high. For the termination of the 
Newfoundland Railway it was reported that employees with job protection 
would average seven years’ pay. No confirmation has been found for this 
number and it must be noted that a number of the affected employees 
could exercise seniority rights in other locations in the Maritimes or could 
be reassigned (after a four-year moratorium). VIA in its calculations for its 
1989 Review adopted the seven-year figure. 


In late 1991, CP laid off over 1,200 employees with the closure of the Angus 
Shops in Montreal. All employees with more than eight years’ service 

were to receive full wages and benefits until retirement. No specific cost 
for the labour settlement was reported by CP. However, CP included a 

$250 million extraordinary charge against 1991 earnings for work force 
reductions in the shop and administrative areas. As part of its overall pack- 
age, CP offered $100,000 cash settlements for employees that chose the 
alternative of leaving the company. Older employees were offered early 
retirement incentives. Employees for which CP had employment elsewhere 
and that chose to relocate were offered bonuses of $45,000. 
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One of the ways to reduce this cost might involve the reintegration of VIA 
with CN. While separate freight and passenger collective agreements would 
remain intact, it is not unreasonable to expect that CN might negotiate an 
agreement that allows it to recall former passenger employees on labour 
protection as it needs these skills.’”® This would result in significantly 
reduced net severance costs. CN may also be able to use a number of 

the other skilled employees now employed by VIA.79 


It is assumed that the one-year notice of the termination of VIA — including an 
allowance for full wages of all staff during this period — would serve as the 
equivalent of a severance package for other classes of employees. This is not 
to say that employees would receive severance pay as required by law. Instead, 
it is assumed that operations and administrative activity would be scaled back 
over the year and that employees would be terminated throughout the year. 


In the case of the Newfoundland Railway, the average severance package in 
1988 for employees without job security was $40,000. CP, on the other hand, 
appears to have made no special provisions for the few workers at Angus 
with less than eight years service. If the Newfoundland experience were a 
precedent, an additional allowance of up to $50 million (2,000 employees 

at $25,000) might be made for additional severance packages. 


As an additional item, it can be expected that there would be various 
retraining, counselling, and out-placement programs provided on a ongoing 
basis during the termination period. At a net average expenditure of, say, 
$5,000 per employee, this cost would be $21 million. 


10.2 SHORT-TERM CONTRACTS FOR SUPPLIES AND OTHER SERVICES 


It appears that most of VIA’s contracts for materials are short-term con- 
tracts. Given the one year winding down period, there would probably be 
no net costs of termination since adequate notice could be given. 


10.3 TERMINATING LEASES 


In its analysis for the 1989 Review, VIA used a cost of $26 million to terminate 
long-term leases. This seems a bit high, and one can assume that there may 
have already been some reductions in this area due to the past downsizing. 

A cost of $20 million is suggested. 
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10.4 UNFUNDED PENSION LIABILITY 


Note 2 of VIA’s 1990 Annual Report suggests that there was some unfunded 
pension liability. Note 8 states that the accumulated benefits were estimated 
to be $634 million as of the end of 1990 while the market value of the avail- 

able pension assets was $600 million. The difference, $34 million, has been 

used as an approximation for this cost. 


In addition to the costs of clearing the unfunded pension liability, a one- 
time payment might also need to be made to provide for ongoing adminis- 
tration of the pension system. No provision had been made for this cost. 


10.5 WINDING DOWN THE COMPANY 


Since it is assumed that one year’s notice would be given of any termination, 
much of the executive and administrative effort presently devoted to training, 
product development, long-term planning and so forth could be devoted to 
the mechanics of winding down the company. There would still be other 
expenses and effort would continue past the end of the one year notice period. 
A value of $25 million has been used for these costs. This is equal to approxi- 
mately half of VIA’s total 1990 administrative costs. As suggested above, 
this task might reasonably be given to CN which has experience in this field. 


10.6 PREMATURE LOSS OF TRAFFIC 


Ridership will start to drop off as soon as any decision to terminate VIA is 
announced. It will also drop off as services are terminated throughout the 
transition year. It is unlikely that VIA would be able to reduce costs to match 
the drop in ridership, especially if it is assumed that the one year termination 
period and notice subsumes severance and other costs of termination. A 
value of $70 million is suggested as the loss in revenue for the transition 
year. This is equivalent to half VIA’s 1990 revenues. 


10.7 MITIGATION OF ENVIRONMENTAL DAMAGE 


Under current legislation, it would be necessary for VIA to clean up any sites 
it had used. No estimate has been made for this item. It might reasonably 
be expected that clean-up costs would be reflected in the realizable value of 
contaminated properties rather than as a specific direct cost. 
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10.8 SALE OF CARS AND LOCOMOTIVES 


The net realizable value of VIA’s fleet varies from scrap values for the very 
oldest cars and locomotives to potentially three quarters of a million dollars 
for its newest locomotives. Potential buyers for equipment include short- 
line railways, tourist railways, railway museums, and even freight railways 
which use passenger equipment for work trains. Some of the equipment 
might also be transferred to any entity that is charged with the responsibility 
for operating any residual remote services. 


It is assumed that the costs of disposal would be at least 15 percent of pro- 
ceeds. The following valuation (based on VIA’s 1990-1993 fleet projections 
published in its June 1990 Corporate Plan) is suggested: 


Table 13 
VIA Rait Rowune Stock: Estmarep Disposal VALUE 


Replication Fleet Disposal Subtotal |. 
Manufactured cost ($) size value ($) ($) 
F40 


locomotives | 1986 through 1996 
ERG 

locomotives | Early to mid 1980s 2,000,000 100,000 
GP418 

locomotives | Rebuilt mid 1980s 1,000,000 200,000 
Other 

locomotives | Mid to late 1950s 
Steam 

generators Mid to late 1950s 
Rail diesel cars | Recently upgraded 1,000,000 250,000 
LRC cars Early to mid 1980s 1,750,000 50,000 
Stainless cars Upgraded 1988 to 1992 1,100,000 250,000 
Stainless cars | Mid 1950s 25,000 
Old blue cars Mid 1950s or earlier 10,000 


2,000,000 750,000 


Subtotal 80,330,000 
Less 15% allowance for disposal costs 12,049,500 


Net estimated proceeds (including parts) 68,280,500 


10.9 DISPOSAL OF INFRASTRUCTURE 


VIA owns little track. It is assumed that the net proceeds on disposal would 
be low. For example, VIA owns the track from the outskirts of Ottawa to the 
outskirts of Smiths Falls. This track is no longer required for freight traffic 
and does not occupy any seemingly valuable land. Much of VIA’s investment 
in track has taken the form of paying for specific improvements made to the 
CN and CP tracks it uses. There would be no assets to directly dispose of. 


10.10 DISPOSAL OF STATIONS 


VIA owns a variety of stations, ranging from major properties in Halifax, 
Quebec City,2° Ottawa, Winnipeg and Vancouver to hundreds of small line 
stations. The largest and most valuable, Toronto and Montreal, are not 
owned by VIA and are also used by urban commuter services. 


There are a number of unknown factors here. Does VIA own all the land 
occupied by its stations or is it leased from the railways? Do the facilities 
revert to CN and CP if no longer needed for passenger service? In the 
context of the termination of intercity passenger services, it is unimportant 
whether the value on disposal accrues to the public through VIA or through 
CN. It is clear that there would be a significant realizable value for VIA’s 
stations. The Ottawa station and associated tracks, for example, occupy 

a large tract of land served by major urban transport links which could pro- 
vide a substantial development site. Similarly, the Halifax station is located 
on the edge of an area which has seen significant redevelopment during 
the past decade. 


On balance, a disposal value of $100 million for stations is not unreasonable. 
10.11 DISPOSAL OF MAINTENANCE FACILITIES 

VIA has a nationwide network of maintenance facilities which were opened 
during the mid to late 1980s with an original cost in excess of $200 million. The — 
largest facilities are in Toronto and Montreal with smaller facilities in Halifax, 


Winnipeg and Vancouver. VIA owns the land occupied by some of these facili- 
ties. In Toronto and Montreal, the land appears to be leased from CN. 
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The buildings and machinery all have value in reuse. GO Transit might 

be a potential buyer for the Toronto facility. GO is expanding its network, 
increasing its maintenance requirements and reportedly starting to outgrow 
its present maintenance facility near the VIA facility. As a first approximation, 
it is assumed that the proceeds from disposition might be on the order of 
$75 million, about one third of the original investment. 


10.12 DISPOSAL OF OTHER ASSETS 


The termination of VIA would release a wide range of low-valued assets 
such as office equipment and so on. For the whole system, these might be 
sold en masse to a company specializing in such disposal for anywhere 
between 5 and 10 million dollars. 


10.13 RELEASE OF CN AND CP ASSETS 


With the termination of VIA, there are a number of assets, which are solely 
related to passenger rail, which CN and CP would no longer require. The 
realizable value on such assets might be substantial. 


Typical of these assets would be tracks leading from the mainline to indi- 
vidual stations, some sidings and passing tracks, and some stations. For 
example, the Edmonton passenger station is located downtown and requires 
a loop track from the CN mainline to the downtown. CN has indicated this 
track is not required for its freight system. 


In theory, there should be no gain to the railways if these assets have been 
properly priced in the setting of charges for VIA. The railway would be no 
better off by selling the assets than it was by charging VIA for the use of the 
assets. In practice, it is unlikely that the two values would be equal. For one 
thing, there are significant differences between market land values and 

the land values the railways are allowed to use for costing purposes.®' No 
estimate has been made of this value. 


In addition to passenger-only assets, CN and CP may have some lines which 
Carry passenger and freight traffic but which could be abandoned if there 
were no passenger trains. While there are a number of examples from the 
past where CN and CP have not been allowed to abandon a line due to 


P1301 


the presence of passenger traffic, the 1987 legislation changed the situation 
so that VIA is required to either buy such lines or to pay the “full” cost to 
use them. This study has not identified any such lines. 


It is clear that in the absence of intercity passenger trains, CN — and toa 
lesser extent CP — will have more infrastructure and other assets than might 
otherwise be justified by the present and future freight transportation require- 
ments and it may take some time to adjust this level of plant investment. 


10.14 OTHER POTENTIAL COST IMPACTS 


There are three other direct impacts that might be reasonably considered as 
part of the costs and savings in the termination of the intercity passenger 
network. 


Provision of Alternative Transportation in Remote Areas 


Some of the present VIA routes have been identified as serving remote 
areas where there is no reasonable alternative. There are a variety of alter- 
natives for serving those areas which are truly remote, with cost estimates 
ranging from as low as $50 million to as high as $250 million. 


Changes in the Costs of GO Transit and MUCTC 


In Montreal and Toronto, suburban rail transit systems use some of the same 
track, stations and other facilities as VIA. If these are not shared with VIA, 
some change in the cost structure for the transit systems can be expected. 


Changes in the Net Costs of CN and CP 


As with the urban transit systems, some of the operating costs of providing 
rail freight service are based on sharing track with passenger trains. To the 
extent that the actual avoidable costs differ from the charges to VIA, there 
may be some impact on CN and CP’s net operating costs. Even if VIA were 
paying the true long-run costs, it might take some time for all of the long- 
run adjustments to be made. As an indicator of the magnitude of any such 
impact, payments to CN and CP for services provided to VIA totalled 

$129 million in 1989, roughly 2 percent of the total domestic revenues 

of the two companies. 
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ENDNOTES 


Trains can carry 1,000 passengers or more. For a “state-of-the-art” passenger system, 
Francois Lacote, the Director of Mechanical Engineering of the French National Railways 
(SNCF) states that the “Northern high speed line . . . will allow for a traffic potential of 
22,000 passengers per hour in each direction. .. . This in fact corresponds to the potential 
of a 14-lane expressway.” TGV System Developments, March 1992, p. 52. This implies 

40 trains per hour each way (which seems very high for the speeds that the SNCF contem- 
plates for this line). 


As of April 1992, the fastest revenue service is at 300 kilometres per hour. The “Chunnel” 
line is being designed for 320 km/h; possible future “extension” to 350 km/h has been 
discussed. The TGV has set a world speed record of 515 km/h. 


In addition to this amount for the corporation, the railways were paid $70 million for 
passenger rolling stock in 1978, and a further $47 million for rolling stock and infrastruc- 
ture in 1979. 


In the mid-1980s VIA received significant interest income due to the differences in timing 
between receipt of government payments and actual expenditures. This situation has 
been changed and, in any event, does not represent true “earnings” for the passenger 
rail system. 


To the extent that such costs are really “one-time” costs, they might properly be identi- 
fied separately as part of the start-up costs of VIA, and be considered as much part of the 
investment as the purchase of stations, maintenance facilities and rolling stock. Doubtless, 
there is a significant ongoing component. 


These services are essentially routes served. However, there may be overlaps. As an 
example, Toronto—Kingston passengers may be accommodated on the Toronto—Montreal 
and Toronto—Ottawa services, as well as on the (now cancelled) Toronto—Kingston service. 


In its cost recovery reports and other documents, VIA makes a distinction between “avoid- 
able” costs and “common system costs” (referred to as simply “common” or “system” 
costs or as “excluded” costs). These categories should not be interpreted as equivalent to 
“variable” and “fixed” costs. While nearly all of VIA’s “avoidable” costs are “variable,” 
not all of the “common system costs” are “fixed” given the general accepted usage of 
the term in railway costing. Nor are all the “common system costs” overhead costs in the 
generally accepted usage of the term. 


VIA's distinction between “avoidable” and “system” costs stems from the traceability of 
costs to specific train services. In very general terms, any cost — short-run variable, long- 
run variable or “fixed” — which can be attributed to a single service is classified as an 
“avoidable” cost. Costs which cannot be directly traced to specific services are classified 
as “excluded” costs. 


The Prince Rupert train was designated as a mandatory service providing remote access 
in October 1989. 


For example, a weekly train used to be operated between Quebec City and Chambord, to 
serve 28 stations in the 225-kilometre remote area between Hervey and Chambord. The 
Montreal-Jonquiére (Chicoutimi) train now serves these points and has, as a remote ser- 
vice, been designated mandatory. One could question whether provision of rail service 
to the sparsely populated remote segment of this train run was the reason or the excuse 
for retention of the Montreal-Jonquiére full service train that also provides convenient 
service to cottages, clubs and lodges. 
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The rail passenger subsidy is less than 1 percent of the BCR’s consolidated revenues. 


This service was offered jointly with VIA, with the Toronto—North Bay portion included in 
VIA‘s results. Thus there may be some overlap in total passengers handled. With VIA’s 
1990 cancellation of its part of the Toronto—Cochrane service, the ONR has restructured its 
services providing one daytime train six days per week between Toronto and Cochrane 
with bus connections to Timmins. 


Approximately $2 million of this money comes from the federal government as a 
section 270 payment. The ONR is not eligible for federal subsidies. The Toronto—North Bay 
part of the route, however, is legally operated by CN and thus qualifies for payments. 
Federal monies received by the ONR have generally been treated as a credit by the 
province against its subsidy obligations to the ONR. 


This is the latest year for which fully compatible data were available. 


The costing base for each railway is slightly different. For VIA, the operating subsidy 
includes the full cost of VIA with the exception of an allowance for the cost of capital on 
assets owned by VIA. For the ACR, the subsidy is only 80 percent of the loss, with the 
costing base being long-run variable costs — somewhat less than full costs of some 
functions, but including depreciation and cost of capital on all assets. For the BCR, the 
subsidy is based on the “full costs of operating the passenger services,” but not of the 
extent of using fully allocated costs or including a capital charge for passenger equipment 
(which is separately funded). For the ONR, a full subsidy is paid based on fully allocated 
costs, including the cost of capital and depreciation. The subsidy for the ONS&L is the 
same as for the ACR; namely 80 percent of the loss, based on long-run variable costs. 


The service groups used here are NOT the same as those used by VIA. Most importantly, the 
Ontario—OQuebec services, grouped by VIA into a category called “corridor” are separated. 


Some aspects of all remote services are homogenous, but there can be significant differences. 


The 1990 VIA cost data, on which the analysis is based, exclude any extraordinary 
expenditures related to the downsizing of VIA. 


This study does not so much project that ridership will reach two million in a few years’ 
time, as assume a level of ridership that is reasonable given past and present trends in 
the market. 


An additional frequency may not be physically necessary to handle the ridership increase, 
but would be required as a service improvement to attract the projected ridership. 


Note that the typical passenger trip is significantly less than the route distance. Thus, 
the train services may be long distance, but the market is a blend of short to medium- 
distance trips plus some true transcontinental travel. 


In some instances, crews cannot get a revenue-producing return trip but must be paid to 
return to their home base. In addition, crews qualify for “held away from home” allowances. 


The above illustrates one of the issues with respect to operation of the passenger railway 
system as a separate entity (from the freight operation) with separate employees and 
facilities. Separate operation requires some minimum scale of activity to be effective. At 
some point, it may become less expensive to provide some of the operations as a marginal 
activity to the freight system. To return to the example of crews, there is sufficient freight 
traffic that the “deadheading” of passenger train crews might not be necessary if the 
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freight and passenger services drew from a crew pool. Would such savings be greater 
than the benefit of having dedicated passenger-train crews and fewer employees to train? 
Are three trains per week sufficient to justify a separate maintenance centre in Vancouver? 


23. Revenues for the 1989 season were 20 percent higher than avoidable costs. 


24. The Western Interprovincial services do “benefit” from tourism which provides a signi- 
ficant ridership base and contributes to the higher ticket prices. Tourism also provides 
much of the potential for ridership growth. However, tourist demand is very seasonal, 
and accommodating it leads to idle empty cars for much of the year. 


25. On many services, passenger demand tends to be greater nearer the larger centre served 
by the regional train. Thus, the load factor somewhat understates the unused capacity 
available. A train may leave the origin with 15 percent occupancy and arrive with nearly 
90 percent occupancy. 


26. In this context, a network is defined as a group of services which operate into one or two 
common terminals using a common pool of equipment. 


27. The estimates here do not include the higher-cost, lower-revenue overnight trains offered 
by VIA between Toronto and Montreal/Ottawa which were eliminated as part of the 
restructuring of VIA. 


28. Peaks in demand affect most services in one way or another. As a general rule, the shorter 
the average passenger origin-destination travel time, the higher the peaking. 


29. Ata distance of 200 kilometres, and with a direct and uncongested freeway, bus and car 
have a relative (to Toronto—Montreal and Toronto—Ottawa) advantage. The relatively poor 
and slow Ottawa—Montreal track also has an effect. 


30. Since the Montreal—Ottawa service is fully integrated in terms of equipment and the use of 
both the Montreal and Ottawa facilities, not all its fully allocated costs are truly avoidable. 
Removal of this service would result in a slight decrease in the cost-efficiency of the 
Montreal-Toronto and Ottawa-—Toronto services. 


31. An increase in the load factor might be possible. This would not, however, significantly 
alter the conclusions with respect to the low cost recovery of this service network. 


32. Trains tend to be much fuller than a 55 percent load factor would imply between Toronto 
and London and somewhat emptier between, say, London and Windsor or Sarnia. 


33. In some ways, services in southwestern Ontario are very similar to those of a regional 
network as described above, but on a larger scale. In addition, it is difficult to separate 
true intercity services or regional services from the provision of a wide-area Toronto 
commuter service. 


34. For example, the SNCF receives specific, separate government funding for some activities. 
This is treated as earned revenue. In VIA’s case, all government funding appears as deficit. 


35. Note that four separate cost ratios are used in the table. The first is defined as total revenues 
divided by total expenses, including depreciation. The second (quoted from Amtrak’s 
annual report) excludes depreciation and amortization from expenses. This ratio is not 
referred to in the present paper. The final two ratios exclude revenues earned from 
sources other than intercity passenger transportation. They are referred to as the STAC 
and the LTAC ratios. 
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36. In comparing Amtrak's results with figures for VIA, there are important definitional 
differences: 


* Short-term avoidable costs (as used by Amtrak) (STAC) are defined as “costs of activi- 
ties that would stop [immediately] with the discontinuance of a route or train, or begin 
with the introduction of a new route or train.” STAC include crews, fuel and power, and 
maintenance of way. In 1989, based on the ratios reported in the annual report, STAC 
accounted for 55 percent of expenses. 


¢ Long-term avoidable costs (as used by Amtrak) (LTAC) are defined as “all short-term 
avoidable costs, plus claims expenses, heavy maintenance and a portion of corporate 
and field overhead.” In 1989, based on the ratios reported in the annual report, LTAC 
accounted for 72 percent of expenses. 


¢ Total cost (applied here to VIA) is defined as the full cost of operating the service, 
including.an allocation of overhead and shared facilities plus an allowance for the 
opportunity cost of the capital invested in fungible assets. 


37. Approximately 30 percent of the then existing rail passenger routes were included in the 
Amtrak network when it was created. On April 30, 1971 there were 547 intercity passenger 
trains operating in the United States. The next day, when Amtrak began, there were 243. 
By way of contrast, nearly every CN and CP passenger service became part of VIA when 
it was created as a separate entity. 


38. Federal Subsidies for Rail Passenger Service: An Assessment of Amtrak (Washington, 
D.C.: Congress of the United States, Congressional Budget Office, July 1982). 


39. The passenger services that were abandoned are costs that would disappear over a fairly 
short period of time (generally less than a year). 


40. Included are proportions computed to be variable, over the longer term (several years as 
the system adjusted to abandonment of the passenger service), of property taxes, depreci- 
ation, cost of capital and administration. 


41. Under this system, the state authority is expected to contribute 45 percent of the short-run 
loss in the first year of operation of a service and 65 percent of the long-term loss in future 
years, plus half of any new capital expenditures required for a service. 


42. \t was not possible to identify the extent to which the costs related to earning this 
$360 million reduce this effective cross subsidy. However, it is believed that these 
revenues make a significant contribution to overheads and profits. 


43. VIA is now starting to earn a small amount of revenue from its equipment maintenance 
facilities. 


44. This estimate does not make allowance for any capital requirements. 


45. In 1989, the total avoidable costs of all of VIA’s services accounted for 58 percent of total 
operating expenses (including depreciation). The total of all service LTACs accounted for 
51 percent of Amtrak’s total expenses. The inclusion of any avoidable costs of operating 
non-intercity passenger services would bring the Amtrak percentage closer to VIA’s. There 
are no significant differences between the two railways in terms of what elements of cost 
are included in “avoidable.” It should also be noted that some of Amtrak’s cost advantage 
over VIA is the result of capital expenditures for which Amtrak is not required to account. 
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A service that carries passengers to/from severat small centres destined from/to a large 
city is doomed to low average load factors as it empties progressively to the end of 
the line. 


There is also cumulative 6 percent preferred stock, held by the Secretary of Transportation 
and issued in return for federal operating subsidies and capital contributions. 


Essentially, the railroads were offered a choice of joining Amtrak and subscribing capital — in 
the form of assets or cash in proportion to their passenger train losses — and being relieved 
of their passenger train obligations, or having to wait five years before even applying to 
discontinue passenger trains. All major railways, except the Southern, the Rock Island 
and the Rio Grande, chose to join Amtrak. 


The full page width headline read: “ Backward rail car has Transport Minister talking in all 
directions,” (The Citizen [Ottawa], September 24, 1991). The Hon. Jean Corbeil was being 
taken to task for the position of the dome car on the Jasper to Prince Rupert train, and 
although there was an undertone of humour in the article, the publicity for the Minister was 
negative. From the perspective of VIA’s viability, there is a danger that Amtrak (answering 
periodically and only directly to the legislature) does not face. The Minister or one of his 
advisors might be tempted to instruct VIA to “turn the car.” This would cause the deficit of 
a service, justified on the basis of the access it gives to a few smail communities without 
road access, to increase beyond the 1990 level of $11 million {a 91 percent subsidy). A 
cost-conscious management, on the other hand, would be more likely to remove the 
dome and reduce the deficit. 


Of course, losses (in the face of an impossible mandate) of those among its key 
professionals with attractive alternative employment prospects have been widely 
attributed as a contributor to VIA’s difficulties. 


It is noted that the Rocky Mountaineer, V\A’s venture that achieved commercial viability, 
was sold in 1989, and that such action does not constitute an incentive for VIA management 
to focus on this objective. 


Although this locomotive was originally envisaged as light and rapid (comfortable does 
not really apply to a locomotive), as design progressed to prototype development, a very 
heavy machine emerged. Also, with its weight it lost the ability to go fast, and with a high 
unsprung mass on its axles, track damage considerations limited the LRC to speeds below 
145 kilometres per hour, even on track of the highest standard. The LRC locomotive was a 
design failure, obvious even before prototype testing; normally such development projects 
would have been terminated before production. The LRC car has not been without problems 
as well, notably the banking system and, more recently, the axles. 


It is worth noting that Amtrak’s impressive cost recovery figures do not reflect the full 
extent of the significant capital expenditures required to bring about its resurgence. 


In terms of VIA’s definition of avoidable costs but not necessarily in terms of total costs. 


In the case of Sudbury—White River, one might have expected an increase due to the cut- 
backs since The Canadian no longer served this route. Ridership survey results suggest 
that the change in schedule which makes return trips more difficult has resulted in a 
decline in ridership. 


In the case of the one service where survey data were available, it appeared that less than 
5 percent of the passengers made use of this type of fare. Most paid full fare, even for 
return trips. ' 
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All passenger survey data are based on a series of two one-week samples undertaken by 
Transport Canada in the summer of 1990. It is not known how representative these data 
may be of annual demand patterns. 


An inspection of 1985-vintage Quebec highway maps indicates that, in addition to Parent, 
another third of the permanent population of the remote area is located on numbered 
bush roads. 


The data contained significant numbers of trips with an unknown origin and destination, 
which may or may not involve the remote segment; thus the range. 


This component included a number of school groups. In addition, the survey was carried 
out in 1988 and may be more reflective of past rather than current ridership. 


This figure includes 1,615 residents of the Split Lake native community on the Thompson- 
Gillam road. It is not clear if the Fox Lake, the Valley River and the War Lake communities 
(total population 1,168) are included in the summary population estimates. Parts of these 
communities are along the line between Pikwitonei and Gillam. 


These results may be a direct result of using a two-week sample of ridership. 


At least four of the points thought to be remote appear to be accessible by some type 
of road. 


The passenger demand survey for July 1990 confirms this. 


Data for other years suggest that the traffic was seasonally concentrated between Winnipeg 
and the cottage area west of Sioux Lookout. 


The Sudbury Star, June 2, 1992. 


Obligations to provide remote transportation may be further blurred by residual common 
carrier obligations. Cottages may have been established in remote areas in good faith 
at a time when rail transportation was offered as a profitable business. 


Change in NTA safety regulations and labour agreements might be necessary to carry 
passengers in a caboose. 


This recently occurred with the Lynn Lake service. Freight demand dropped such that it 
was no longer necessary for CN to operate three regular freight trains. Thus VIA has been 
charged with the total train operating costs of at least one of the three trains each week. 


Average of upper and lower berths. 


The advantage of the railway diesel car (RDC) or other self-propelled equipment in low 
passenger density areas is that there are less crew, fuel and maintenance requirements. 
The cost of operating two RDCs (which are in good condition) is generally less than oper- 
ating two passenger cars plus a locomotive. The RDC is also more flexible. On some routes, 
CN has had some trouble operating RDCs in winter conditions. RDCs have, however, 
been successfully operated in northern areas in Canada. At the present time, the British 
Columbia Railway operates a fleet of rebuilt RDCs between Vancouver and Prince George. 
VIA owns 60 or more operational RDCs which are not now used. Rebuilding would be 
required to operate in any of the remote areas and would entail $2 million to $2.5 million 
per unit. There is, however, both VIA’s and the British Columbia Railway’s rebuilding 
experience to draw upon. 


Mr 


TZ 


73 


74. 


7S: 


76. 


TH 


Lo: 


13 


80. 


81. 


This analysis assumes that CN is allowed to abandon the Cochrane-LaSarre portion of 
the line, or at least get out of any freight obligations and charge the passenger service the 
full cost of owning, operating and maintaining the affected part of the line. 


The same-day return would require a substantial change in the time at which trains depart 
from and return to the Garneau Yard. It might be argued that any additional complication 
in the non-remote, non-rail part of the trip should be weighed against the operating 
subsidy savings. 


A concept of payments or credits for not polluting or for polluting less is not practical; 
rather it is logical to charge polluters proportionally for the societal damage they cause. In 
the unimodal context of the present paper, it is really higher charges to the competing air 
and car modes that are represented as credits. Among the present VIA services, it is to the 
Toronto—Montreal and perhaps to some southwest Ontario operations that positive net 
externalities credits are the most likely to apply. 


On much of CP’s line to Saint John, the Atlantic often is one out of two or three daily trains 
(freight plus passenger) operated in each direction. The NTA ordered CN to abandon the 
easternmost 90 kilometres of the Gaspé line in February of 1992. This order has been 
rescinded by the Governor in Council, possibly in response to the Commission’s interim 
recommendation to freeze branch-line abandonment. 


The current agreements themselves have not been reviewed for this analysis. There are 
obviously a number of different levels of employment security benefits depending on the 
position and the length of service. For example, a 1986 Employment Security Supplemental 
Agreement between VIA and the Brotherhood of Railway Transport and General Workers, 
calls for VIA to make payments to employees laid off due to technological or organizational 
change, such that the worker's earnings — after receipt of unemployment insurance pay- 
ments — are 80 percent of his average pre-layoff earnings. For workers with 30 or more 
years’ service, such employment security payments would continue for up to five years. 
Should such an employee elect to resign, the one-time severance pay would not exceed 
one and a half years’ pay. The present agreements, which provide for the augmented job 
security for employees with eight or more years’ service date from the middle of 1989. 


CP also transferred employees to VIA, but fewer than CN. CP’s train crews were never 
transferred. 


It is interesting to note that CN is already in the process of downsizing its work force. In 
1990, for example, it reported that it had hired no new employees of any description 
in Atlantic Canada. 


Using CN as the agency to terminate VIA is not unreasonable. CN, through its subsidiary 
Canac, acted as VIA’s agent in the disposition of equipment made surplus from the 1990 
service cuts. CN also has an organization in place for the disposal of land and other 
railway assets. 


Quebec City owns a significant share as well. 


CN and CP might benefit from the sale of surplus land since the Costing Regulations 
generally do not allow land to be priced at market rates when setting charges for VIA. 


Appenpix A: Notes To VIA Route-Speciric DATA 


Financial and operational data were derived from the Cost Recovery Report 
prepared by VIA’s Finance Department, June 1991. Distance and frequency 
data were developed from the VIA Timetable, October 1989. Service group 

definitions follow those of VIA. 


Train frequencies quoted are for a typical day and do not reflect weekend 
schedule adjustments. 


An asterisk (*) after frequency indicates that additional frequency on all or 
most of this route is provided by other train services. 


Revenue per passenger-kilometre excludes all revenues incidental to the 
transportation activity, including non-transportation tour and station 
revenues that could attribute to specific services. 


All data have been converted from imperial to metric units. 


NOTES TO SPECIFIC LINE ENTRIES 


1. Distance shown through Brantford. Some trains run via Stratford, 9.6 kilometres longer. 
2. One train per day becomes the Amtrak train through to Chicago. 
3. One train per day becomes the Amtrak train through to New York. 


4. With the exception of peak periods, the Ocean and the Gaspé train operate as a single 
train between Montreal and Matapedia. 


5. Distance shown for Montreal-Vancouver. The Toronto distance is 280 kilometres shorter, 
but adds 280 route-kilometres. 


6. The Prince Rupert train is generally operated jointly with the Winnipeg—Vancouver train 
to Jasper. 


7. Operated as a mixed train with an overnight layover at Gillam. 

8. Some days operated as a passenger train and other days operated as a mixed train. 

9. The Toronto—North Bay—Cochrane—Kapuskasing service operated jointly with the ONR as 
a through train. The data here exclude the North Bay—Cochrane segment. VIA operated a 


second Toronto—North Bay train on weekends using rented ONR equipment. 


10. Does not include the Moncton-—Charlottetown bus service. 


Appenpix B: VIA's OpeRATING Cost STRUCTURE 


VIA‘s 1988 operating statistics, revenues and costs, and cost avoidability, 
according to VIA’s procedure, are summarized as: 3 


System Excluded | Avoidable | Avoidable | Common 
total dollars % dollars content 


Operating data (millions) 

Passengers 6.4 
Passenger-km 2,285.3 
Seat-km 4,360.5 
Train-—km 20.0 
Car-—km 115.2 
Motive power—km 20.3 


Revenue ($ million) 
Transportation 
On-board services (OBS) 


Other : 
Tour 0.0 
Sales tax 0.0 


Station 


Total 


Non service 


Costs ($ million) 
Transport overhead 
Linehaul 


0.9 0.3 
Wc fl MI 


0%] 
5%] 


[ 

[ 
Rentals [ 0%] 
Crew [ 11%] 
Fuel [ 5%] 
Equipment Mtc [ 29%] High 
Switching [ 1%] High 
Bus/taxi [ 0%] 
Other CN/CP [ 2%] Unknown 
Provisions [ 1%] 
Incentives fe 1%] 
On-train OBS Laclal Zo) Low-med. 
Off-train OBS [ 8%] High 
Marketing/sales [ 6%] Unknown 
Station property [ 4%] Very high 
Administration [ 8%] Very low 
Corporate expenses [ 1%] Very low 
Ownership bare ol Very high 


Note: The extraordinary item (not VIA’s wording) is $40 million in what is considered to be 
catch-up maintenance expenses on old equipment. The 1990 cost structure is similar 
and is reflected in the cost model. 
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Appenpix C: Cost ELEMENT ALLOCATION RATIONALE 


For purposes of the present analysis, the individual cost accounts were 
allocated on the basis of the following considerations. 


TRANSPORTATION 


This cost category includes mainly transportation supervision and functional 
overheads. There is little (if any) direct, but unallocated, cost. The transporta- 
tion overheads represent about two percent on direct transportation (fuel, 
linehaul and crew) costs. There are a variety of explanatory variables for 
this expense. In this analysis, one quarter is attributed to train-kilometres (to 
capture work performed), one quarter is attributed to direct transportation 
expenses, and one half to route-kilometres (to capture the higher costs per 
passenger of operation of low-density services). This attribution methodol- 
ogy also reflects the fact that much of the transportation function will not 
change in step with direct expenses. ' 


LINEHAUL 


This is the payment made by VIA for use of the track to CN and CP and 
accounts for approximately 5 percent of the total costs. Linehaul is priced 
(by CN and CP) using a combination of train-kilometres and gross-tonne- 
kilometre values. In the event that VIA must operate its own lines, there 
would be a substantial increase in this cost. 


RENTALS 


This represents payments by VIA for use of equipment other than its own. 
For most services there are no rental costs. Much of the rental expense is 
incurred on the Toronto—North Bay—Kapuskasing (now discontinued), the 
Toronto—Niagara Falls and the Toronto-Sarnia services where the VIA train 
is operated in conjunction with that of either the ONR or Amtrak respectively. 
There are also significant rental expenses in northern Manitoba where more 
extensive use of CN equipment is made. For the most part, rentals are so 
small that this cost item can be safely ignored. 


CREW 


Crew costs represent approximately 10 percent of VIA’s total costs. The 
majority of crew costs are incurred directly by VIA. Only crews operating on 
long sections of CP track and those in northern Manitoba are supplied by 
the freight railways. It is reasonable to expect crew costs to decrease in a 
long-term, steady-state operation. To date, VIA has reached agreement with 
the Brotherhood of Locomotive Engineers (BLE) to eliminate the second 
engine crew member on most locomotive-hauled trains and agreement 
with the United Transportation Union (UTU) to reduce the number of train 
crew on many routes. Both of these agreements will take some time to 

fully implement since the reductions will take place mainly through attrition. 
Other potential areas of savings include the basis of pay and the length of 
crew runs. The fact that VIA has reached crew reduction agreements with 
its labour force, lends credence to its ability to reduce crew costs in other 
ways. For this analysis, savings of 10 percent? to 40 percent have been 
assumed, depending on the type of service. 


FUEL 


Fuel accounts for only four percent of VIA’s 1988 costs. Modest improvements 
can be expected as the system moves to the use of modern locomotives 
and rolling stock. It is of interest to note that the effective price paid for fuel 
has increased by 19 percent in 1990. 


EQUIPMENT MAINTENANCE 


The maintenance of cars and locomotives — including cleaning and inspec- 
tion as well as pure preventive maintenance and repair — accounted for 
$257 million in 1988. This is one third of VIA’s total reported costs. VIA attri- 
butes approximately half of its equipment maintenance costs to services. The 
other half is split between the costs of operating the maintenance centres, a 
functional overhead, and major equipment maintenance and repair. The 
1988 cost data included an inordinate amount of catch-up maintenance. 
Thus the basis of costing has been reduced by $40 million. The excluded 
costs in the maintenance category have been treated as overheads (approx- 
imately 50 percent) to the direct maintenance costs on a system basis. In 
addition to the catch-up expenditures, the level of maintenance costs is also 
governed by the fact that much of the equipment is old and inefficient, and 
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there are many inefficiencies in the maintenance process. As an approxima- 
tion, a 20 percent average reduction in maintenance costs has been assumed 
to be reasonable for a steady-state railway system which is equipped with 
modern equipment.? ; 


SWITCHING 


VIA’s switching requirements are a minor part of the overall cost and are 
predicted to decrease substantially with changes in maintenance centres 
and other practices. As a simple expedient, estimates of direct switching 
costs have been increased to account for the switching that VIA considers 
to be excluded. | 


ON-BOARD CUSTOMER SERVICES (OBS) 


On-board services account for about 11 percent of total costs. Most of these 
costs can be attributed directly to specific train requirements. The excluded 
component of this category consists mainly of provisioning and support 
personnel and can be treated as a functional overhead (16 percent in 1988, 
6.2 percent in 19904) to the direct costs. The OBS overheads are heavily 
weighted to corridor services due to the costs of the employee service centres 
in Toronto and Montreal. For this reason, direct OBS expenses for corridor 
trains are given a double weight in the calculation of the overhead. 


OFF-TRAIN CUSTOMER SERVICES 


Well over half of the customer services expenses (station employees and 
passenger handling) is treated as excluded by VIA. Much of this exclusion 
represents facilities shared by a number of services rather than functional 
overheads. The true customer services costs vary significantly by route and 
there could be significant economies of density (major terminal stations 
versus minor line stations). Non-administrative costs of shared stations 
have been apportioned to the service groups in an approximate manner, 
based partially on 1988 data. Reservation system costs have been related 
to both passengers carried and passenger-kilometres. 


MARKETING AND SALES 


Avoidable marketing and sales expenses include three elements: tour expenses 
(approximately $8 million in 1988), advertising and promotion aimed at a 
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specific service (low in 1988) and credit card discounts/agency commis- 
sions on tickets. Since there were no tour expenses or specific advertising 
expenses incurred in 1990, it has been possible to determine an aggregate 
credit card discount/agency commission rate as a percentage of revenue. 
These range from 2 to 7 percent depending on the service type. 


STATION PROPERTY 


Station property expenses are limited to the non-capital® costs of operating 
stations. Very little of the excluded portion of station property is considered 
to be a functional overhead. For the most part, the excluded costs are attrib- 
utable to maintaining stations which are shared by a number of services. In 
the analysis, the costs — net of concession and other revenues — for each 
station or series of stations on a specific line segment were assigned directly 
to the service group involved. This process left a few terminal stations for 
which the costs (about 20 percent of the total) had to be allocated between 
service groups on the basis of passengers handled. The station data indicate 
that station property costs are relatively insensitive to variations in passen- 
ger demand. As a result, it is assumed that only 5 percent of station costs 
vary with changes in demand. 


ADMINISTRATION 


In 1988, VIA reported administration costs to be $63 million. These are mainly 
administrative rather than functional overheads® or shared direct costs and 
include functions such as finance, human resources, data processing and 
legal services. Most of these costs are incurred at headquarters rather than 
at the regional level. Administrative expenses, including corporate expenses 
below, have been treated as an overhead to all other non-capital railway 
costs. Given VIA’s 1988 results, the overhead is approximately 11 percent. 
Following the 1990 network restructuring, this overhead appears to have 
increased to 14 percent. There are three issues with respect to administrative 
overheads: What is the appropriate level of overheads?’ Do some types of 
services require more administration than is implied by treating this cost 

as an overhead? How do administrative requirements change as direct 
costs change? 


On the first issue, it is worth noting that VIA’s administrative component 
has ranged from 9 to 11 percent on direct costs for the past 10 years. The 
data suggest no particular pattern or relationship. What is clear is that the 
recent increase (most of which actually appears in the 1989 financial results) 
is related to the network restructuring and downsizing of VIA. Part of the 
increase is a natural result of decreasing the direct cost base over which 
administrative overheads are allocated. Some is related to the actual work 
of restructuring.® It can also be assumed that changes required to downsize 
some of the administrative costs will lag behind changes in fuel, crew and 
other expenditures. Barring any evidence to the contrary, it is assumed 
that a steady-state level of administrative expense would be equivalent to 
11 percent (the average of the 1988 and the 1990 experience) for the 1990 
cost and operations base.? 


There is little evidence upon which to base analysis of the second issue. It 
can be argued that the segments such as the remote services may attract 
more administrative costs than the M-O-T corridor. On the other hand, it is 
also clear that the corridor attracts more attention (and expense) in terms of 
looking at service improvements and other administrative activity. Pending 
other evidence to the contrary, no attempt has been made to apply different 
administrative overhead rates to different services, 


Again, there is little evidence upon which to base an analysis of the third 
issue. It can be expected that, as the intensity (as opposed to the scope) 

of activities increases, administrative costs should not increase as fast as 
direct costs. On the other hand, it can be expected that efficiency gains in 
transportation and customer service activity might not result in similar gains 
in certain types of administration. The approach taken in this analysis is to 
assume that administrative costs vary in proportion to other costs. Thus, 
there may be some understatement of administrative expenses for the 
presently “downsized” VIA operation, but the analysis should reasonably 
reflect the steady-state assumption where VIA is no longer in the middle of 
a crash program of rebuilding its fleet, building maintenance facilities, 
transferring employees from CN, upgrading stations and so on. 


CORPORATE EXPENSES 
Corporate expenses (including the senior executive function) have been 


included in administration and increase the administrative overhead by 
approximately one percentage point for the 1988 data. 
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OWNERSHIP 


These are VIA’s depreciation expenses. None of these expenses have been 
attributed to services. VIA reported the following gross investments: 


$ million 
Land 2 
Rolling stock 541 
Stations 1s 
Maintenance buildings | 165 
Machinery 13 
Office furniture 24 
Leasehold improvements ° 139 


Other 53 


In the costing, capital assets have been included on the basis of annual 
depreciation plus 10 percent real cost of capital on the net book value, 
assuming that the assets are 50 percent depreciated. 


Rather than using VIA’s present rolling stock asset base, new equipment 
has been assumed to have been purchased at current prices. Maintenance 
buildings and machinery’? have been treated as an overhead on mainte- 
nance activities. Office furniture has been treated in the same way as 
administrative expenses. 


A capital charge for stations, leasehold improvements and other has not 
been included in the analysis since there is not yet a breakdown of these 
assets. In aggregate these could account for some $15 million per year. The 
asset base is a mix of small expenditures on many stations with significant 
expenditures on specific assets. For example, the Gare du Palais upgrading 
is reported to have cost $30 million. Capital charges for this asset should 
only be attributed to the Montreal—Quebec City service. The Ottawa-Brockville 
track improvement reportedly cost $60 million. This would be attributable 
only to the Ottawa—Toronto service. 


ENDNOTES TO APPENDIX C 


1. The train control centre, for example, should be independent of the level of crewing, fuel 
efficiency and the length of the trains. 


2. There are a number of short-distance, self-propelled vehicle (SPV) runs where the potential 
for crew reductions and other improvements is limited. 


3. It can be expected that repair experience would be better than 20 percent. The cleaning 
and routine inspection requirements, however, are not expected to decrease dramatically 
with the introduction of modern equipment. 


4. This significant decrease appears to be due in part to a real reduction in the level of over- 
heads incurred and in part to some functions being directly attributable to specific train 
services. ; 


5. Except to the extent that capital costs may be included in the rental payments to CN and 
CP. This leaves some important issues unresolved; for example, the apparent price to VIA 
for use of the Toronto and Montreal stations appears low given the location of the real 
estate (if one presumes that the CN/VIA “divorce” was appropriately settled with these 
passenger assets going to CN). On the other hand, there are other stations — notably 
Winnipeg—with relatively high costs given the present levels of traffic. 


6. Pensions, UIC, CPP/OPP and similar overhead expenses are accounted for in the direct 
functional and other costs, and are not included in administration. 


7. This issue is the descriptive one of determining overheads applicable for long-run steady- 
state operation rather than the normative one of determining whether VIA spends too 
much on administration. 


8. The direct costs of restructuring — severance pay and so on — have been netted out of 
VIA’s financial data that are being used for this analysis. 


9. This figure allows for netting out of approximately $6 million in non-service revenues 
earned by VIA. 


10. In 1990, maintenance facility gross investment stood in excess of $215 million. Some 
of this is new capital, some is included in the land and leasehold improvements. In 
general, however, it appears that the asset base is lower than the reported expenditures 
on maintenance facilities. 


Appenpix D: Notes to Awrrax Roure-Speciric DATA 


Financial data were derived from the Route Report prepared by the 
Controller’s Department, National Railroad Passenger Corporation, 
Washington, January 23, 1990. Train distance data were supplied by 
Intergovernmental Affairs, Amtrak. Distance, trip time and frequency data 
were developed from the Amtrak timetable, October 29, 1989. All service 
and service group definitions are those of Amtrak. 


An asterisk (*) after frequency indicates that there is additional frequency 
on all or part of this route provided by other train services. 


All data have been converted from U.S. measure to metric units. 


NOTES TO SPECIFIC LINE ENTRIES 


1. Includes one train/day with an additional 166 kilometres to Santa Barbara. 
Operated only part of 1989. 


One train operates 2,577 kilometres between Chicago and Salt Lake City and then splits. 


es 


Operates via St. Louis. Distance and time are shown to Centralia only where train joins 
with Chicago—New Orleans. Does not seem to show second train Kansas City-St. Louis. 
Train kilometres appear correct for two Kansas City-St. Louis trains. 


5. Time and distance are shown for New York to Chicago; the Boston section is 93 kilometres 
longer over 322 additional route-kilometres. 


6. Actually a through train New York—Albany—Montreal; the New York—Albany portion is 
included in New York—Niagara Falls. 


7. Train-kilometres appear to be missing two round-trips per day. 


8. Timetable time and distance are shown to Miami. Both trains have Tampa sections. The 
total route is about 3,235 kilometres. 


9. Duplicates route-kilometres of New York—Charleston-Florida service. 
10. Significant duplication of New York-Florida route-kilometres. 


11. All but 172 route-kilometres duplicated by NEC or Florida trains. Data may include daily 
train, New York to Richmond. 


12. Train splits at Spokane, Washington; allow additional 608 kilometres for Portland 
connection. 


13. Time and distance are shown to Houston. Train splits in Dallas with section destined for 
San Antonio to connect with New Orleans—Los Angeles train. This adds 509 route-kilometres. 


14. Includes approximately 45 trains per week New York—Albany/Schenectady, seven of which go 
on to Montreal, plus 17 trains per week to Niagara Falls, seven of which go on to Toronto. 


15. This service was reinstated during 1989. This may account for the low recovery ratio. 
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APPENDIX E: CANADIAN VIEWS ON RAIL TRANSPORTATION* 


The Commission’s public hearings process enabled a broad range of Canadians 
to present their views on the national rail network. Of the verbal submissions, 
about 20 percent dealt primarily with rail transportation, with many more raising 
the subject in the context of the transportation system in general. On the 
“dial-a-brief” line, 108 out of the 128 submissions received were on the subject 
of rail transportation. In terms of numbers of submissions received, rail 
transportation appears to be at the top of the nation’s transportation agenda. 


Submissions were received from all parts of Canada, and from groups 
representing a broad cross section of Canadian society. In general, we can 
say that the Commission heard representative views from: 

¢ railway companies; 

¢ high speed rail interest groups; 

¢ rail unions and rail pensioners; 

* rail Support groups; 

* environmental groups; 

¢ the tourism sector; 

* provincial and municipal governments; and 

¢ the general public (including most “dial-a-briefs”). 

Common threads run through most of these submissions. The single most 
popular subject was VIA Rail. The majority of these submissions either con- 
demned the 1990 service cuts, or offered suggestions for how to improve 


the operation of the company. Interventions in support of high-speed rail 
came a distant second, followed by submissions dealing with rail freight. 


* The first draft of this appendix was prepared by Royal Commission staff member 
Paul Montezun. 
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RAILWAY COMPANIES 


Canadian National, Canadian Pacific, and VIA Rail all told the Commission 
that it would be unrealistic to separate passenger transportation from 
freight. They pointed out that the close relationship between passengers 
and freight, particularly in the rail mode, meant that studying passenger 
transportation alone would distort the picture too greatly. 


All three companies said that the single most important question facing the 
Commission was how to make an adequate comparison between operating 
subsidies and transportation modes. CN and CP, in particular, were concerned 
about the relative competitive disadvantage their companies faced com- 
pared to the trucking industry. They felt that trucks were unfairly subsidized 
and that the federal government should levy user fees to cover the operational, 
maintenance and development costs of road infrastructure. 


VIA Rail focussed on the cuts to scheduled services which came into effect 
on January 1, 1990. The company provided an overview of its recent history 
and suggested that many of the company’s problems derived from a lack 

of political leadership. They felt that if the company had been allowed to 
modernize and keep pace with the demands of the marketplace, VIA would 
be in a better financial situation. 


The railways also devoted significant portions of their presentations to high 
speed rail in the Quebec City—Windsor corridor. VIA Rail and CN, in particu- 
lar, were highly enthusiastic about the possibilities. CP, while endorsing 

the concept of fast trains, doubted that high-speed rail would be financially 
viable if the government continued to subsidize competing modes indirectly 
by covering the costs of highways and airports. 


CN and CP were both aware of the suggestions that the companies share 
one right-of-way in the corridor to allow the other one to be dedicated to 
passenger trains. Neither company seemed to be particularly enthusiastic 
about the idea; however the subsequent more private CP message to 
Commission staff was more positive. 


* 


HIGH-SPEED RAIL INTEREST GROUPS 


The Commission received submissions from both private-sector consortia 
who had expressed an interest in building a high-speed rail system in the 
Quebec City—Windsor corridor. Air Canada, in partnership with CP, has 
more recently announced its interest in the system. Both Asea Brown 
Boveri (ABB) and Bombardier, which holds the North American rights to 
the French TGV, made pitches for their particular technologies, but the 
two companies also pointed to the need for high-speed rail and the 
potential advantages of such a system. 


Both companies argued that the Montreal—Toronto travel market was mature 
enough to support high-speed rail, they also felt that the project could boost 
the economies of both Ontario and Quebec. ABB believes that a high-speed 
train could be introduced with little or no direct public funding. Bombardier, 
on the other hand, told the Commission that a TGV train would require 
several billion dollars in government funds. Bombardier pointed out, how- 
ever, that in the long run, the TGV could save Canada money through the 
reduction of both road and air congestion. 


RAIL UNIONS AND RAIL PENSIONERS 


The primary interest of the railway unions, above all, was to protect and 
preserve the jobs of union members. The 10 transportation union groups 
that appeared before the Commission, and several others which sent 
written submissions alone, condemned the job cuts that accompanied 
the 1990 VIA Rail service reduction. 7 


Labour almost uniformly stated that VIA Rail had been mismanaged since its 
creation. Anumber of union submissions even suggested that the govern- 
ment was deliberately allowing VIA Rail to fail so that they could justify 
shutting down the system altogether. 


All the rail unions demanded that the government fully restore the recently 
cut VIA services. They also called on the government to give the railway a 
legislative mandate and the money to buy modern rail cars. When asked 
whether VIA Rail could be operated profitably if it were given a mandate 
and modern rolling stock, several intervenors were unable to answer. 
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Rail pensioner groups, like the unions, were adamant that the government 
should restore rail services. The four groups, however, seemed to be much 
more concerned with preserving “the railway culture” and maintaining 
historic rail lines than was organized labour. The CP Rail pensioners also 
pointed out that because most of the VIA services running on CP tracks 
had been cut, their free rail passes were no longer of any value. 


RAIL SUPPORT GROUPS 


Rail support groups, notably Rural Dignity, the Western Rail Passenger 
Restoration Committee, the Save VIA Rail Committee, and several branches 
of Transport 2000 were enthusiastic boosters of passenger rail. They argued 
that rail transportation was the safest, most accessible and most “environ- 
mentally friendly” mode of transportation available to Canadians. They 

also highlighted VIA Rail’s role in providing transportation to otherwise 
isolated communities. 


These intervenors shared the conviction of the unions that the government 
was allowing VIA rail to fail so that it could justify dismantling the company. 
They also agreed that the federal government should spend millions of dol- 
lars on new rail cars and locomotives. In their submissions, Transport 2000 
and the Western Rail Passenger Restoration Committee suggested that 

VIA Rail would be much better off if it were modelled after Amtrak, which 
operates passenger rail services in the United States. 


ENVIRONMENTAL GROUPS 


Most of the environmental groups that appeared before the Commission . 
singled out rail transportation as one of the cornerstones on which to build 
an “environmentally friendly” transportation system. These groups felt that 
Canada had become to depend on the car. In general, environmentalists 
wanted to see a modernized VIA Rail, better connections between train 
stations and transit systems, and stiff fuel taxes that would encourage 
travellers to switch to the train. Some groups also supported high-speed 
rail, but only after an exhaustive environmental review. 


THE TOURISM SECTOR 


The Commission received several submissions from the tourism sector, 
including one from a group that was trying to start its own rail service. In 
general, the tourism industry was very concerned about the cancellation of 
VIA Rail services, especially the Canadian. They pointed out that rail travel 
packages were very popular with tourists, in particular the Japanese, and 
that the cancellation of the Canadian had a noticeable effect on travel 
bookings. The industry was pleased that the Rocky Mountaineer had been 
privatized, but they were concerned that Canadian Pacific might not allow 
the company to have adequate access to its tracks. 


Sam Blyth and Company joined other intervenors in condemning the unco- 
operative attitude of the big railroads. Mr. Blyth was convinced that it would | 
be possible to run a profitable luxury train service, but felt that the most 
difficult part would be convincing Canadian Pacific to allow his company 

to use its tracks. Blyth and Company was also concerned about VIA Rail’s 
plans to launch its own luxury train service, which it said would be publicly 
subsidized and might “ruin the market” for luxury trains in Canada if it 

were operated improperly. 


PROVINCIAL AND MUNICIPAL GOVERNMENTS 


At every one of its hearings, the Commission received submissions from 
representatives of the provincial and municipal levels of government. In 
general, the provinces attempted to look at rail within the context of the 
transportation system as a whole. Most provincial governments reminded 
the Commission that rail was an integral part of the transportation network 
and should not be overlooked. In the West and Atlantic Canada, the prov- 
inces called on the federal government to reinstate the cancelled VIA Rail 
services. Ontario, while supporting VIA Rail, was not as forceful as the 
other provinces. 


At most stops, the Commission heard from municipalities that had been 
directly affected by the VIA Rail cuts. Some of these towns and cities, such 
as Moncton, Melville (Saskatchewan) and Calgary, saw the VIA cuts as major 
blows to their local economies. Many others complained that their citizens 
had lost a transportation option. Even some communities that had not 

been served by rail for many years called on the government to reinstate 
VIA services. | 
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THE GENERAL PUBLIC 


Every single private intervenor that appeared before the Commission to talk 
about rail transportation supported VIA Rail. Private submissions, however, 
came in disproportionate numbers from Nova Scotia, Saskatchewan and 
Alberta, where public outrage over the VIA cuts was strongest. Public inter- 
ventions contained all the same points that the VIA Rail support groups 
made, but they differed from them in a couple of key ways: 


¢ Private intervenors seemed to have a greater attachment to the train than 
did other presenters, frequently stressing the train’s role in building the 
country and in maintaining national unity. 


¢ They did not directly address the question of subsidies and the cost of 
operating passenger rail services. 
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1. INTRODUCTION 


Planning and managing Canada’s airports are two of Transport Canada’s most 
important responsibilities. Airports owned by the federal government have 
a replacement value, excluding land, of over $10 billion. In the 1988-89 fiscal 
year, the Airports Authority Group of Transport Canada spent $247 million 
on capital investments for the expansion, restoration and upgrading of air- 
port facilities. Pearson International Airport’s Terminal 3, funded by the pri- 
vate sector, cost $550 million. The three proposed additional runways at 
Pearson would cost another $469 million. Investments of this magnitude 
require wise and informed decisions. 


This study examines airport planning from an economic perspective, dealing 
primarily with policies regarding efficient allocation of resources at Cana- 
dian airports. One aspect of resource allocation is the use of existing capac- 
ity, examined in this study as the “pricing problem.” The second aspect is 
the provision of additional capacity or building of new facilities, which is 
addressed as the “investment problem.” In theory, these aspects are two sides 
of the same coin, but the distinction between them is important from a 
more practical policy perspective. 


* Transmode Consultants Inc. 
** University of Toronto. 


The report starts with a background section on the evolution of Canadian 
airport planning, providing a brief institutional history, a review of the preva- 
lent physical planning paradigm, and a discussion of the three main pillars 
of the federal government's current airport policy framework: devolution, 
cost recovery and environmental review. The third section of the report 
deals with the investment problem, first from a theoretical perspective, fol- 
lowed by two recent case studies (cost-benefit analysis of airside capacity 
expansion proposals for Toronto and Vancouver international airports). The 
fourth section deals with the pricing problem, providing a theoretical over- 
view, followed by an assessment of alternative pricing policies and current 
practices. The conclusion of the report, recommends the incorporation of a 
continuous cost-benefit analysis framework into the airport planning process, 
to deal not only with pricing and investment policies but also to mitigate 
external impacts. 


2, EVOLUTION OF CANADIAN AIRPORT PLANNING 


To set the institutional and policy context within which Canadian airports 
are operated, the following section provides a brief institutional history. 
Then a more detailed examination of the airport planning process in Canada 
deals with the physical planning heritage of a system which has not helped 
to promote economic efficiency. Finally, a discussion of current policy 
includes the three principal aspects of federal airport policy: devolution, 
cost recovery and environmental review. 


2.1 INSTITUTIONAL BACKGROUND 


From the 1960s to the mid-1980s, airports were the responsibility of the 
Canadian Air Transportation Administration (CATA), which was part of 
Transport Canada. Airport investments were funded out of CATA’s capital 
budget, which was determined in negotiations between it and the Treasury 
Board. Airports raised some revenues, primarily through landing fees and 
rentals of terminal space, but in only the largest airports did revenues cover 
operating and maintenance costs. 


There was no requirement for airports to be self-financing, and they were 


not. Revenues went to the Consolidated Revenue Fund, and expenditures 
were paid out of the Fund, but the two were not linked. The costs of the 
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Air Navigation System, kept separate from those of the airports, were also 
funded out of the Consolidated Revenue Fund. 


The dominant professional groups in CATA were people with hands-on 
aviation industry experience (for example, former pilots and controllers) 
and, on the planning and construction side, engineers. Their approach to 
planning was to set appropriate physical standards for the various facilities 
(runways, roads, terminals) that make up an airport system and, when these 
standards were exceeded, to add capacity. These groups did not think in 
terms of economic concepts, such as use of the price system to ration 
Capacity, or the time value of money. 


The demand for air travel grew very rapidly in the 1960s, for a number of 
reasons. The introduction of jet aircraft dramatically lowered the cost of 

air travel, and equally dramatically shortened travel times. Real income was 
increasing. Charter airlines came into being and, by achieving high load fac- 
tors, were able to lower prices even more. The airport planners and managers 
in CATA were unprepared for this air travel boom and, by the mid-1960s, major 
Canadian airports were operating beyond their capacity, with passengers 
suffering through long queues, particularly in the terminals. 


An airport system managed by a government department, accountable to 
Parliament through the Minister of Transport, must be responsive to the 
pressures of its stakeholders. In addition, the Department is influenced by 
the main priorities of government as enunciated by the central agencies. The 
congestion at major airports meant that airport users — airlines, passengers 
and general aviation — were complaining. This was an embarrassment to 
both the Minister and the public servants. On the other hand, with a strong 
economy, the government's tax revenues were growing and there was 

~ no deficit problem. Transport Canada made a strong case to the Treasury 
Board that it needed additional funding to add capacity to its congested 
airports. The funding was readily made available. 


Because of the long lead time required to plan and build facilities and the 
even longer life of the facilities themselves, airport planning decisions are 
made under great uncertainty. It is difficult to predict demand in advance, 
and planners will either overestimate or underestimate. In this context, the 
bureaucratic and political costs of providing additional capacity too late are 
the continued criticism by the stakeholders (airlines, general aviation, the 
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travelling public). The cost of providing additional capacity too soon is 
excess capacity for awhile, which does not bother stakeholders. As airports 
were financed by grants from the Consolidated Revenue Fund, rather than 
loans, the bureaucratic and political costs were negligible. Indeed, if it was 
thought that the Treasury Board's fiscal posture was more receptive in the 
present than it would be in the future, there was a bureaucratic incentive 
to hasten construction. 


Major airports in Toronto and Montreal had a second issue to contend 
with — should extra capacity be added at the existing airports (Malton, 

as Pearson was then called, and Dorval) or should new airports be built. 
The virtue of new airports was that, with substantial space, they could be 
planned as real showcases, thereby avoiding the physical constraints of 
the existing sites. Although new airports were more costly than expanding 
existing sites, cost was not a major problem. In the case of Montreal, the 
second airport at Mirabel was seen as an economic development project 
for the Montreal region. 


In Toronto, another factor came to the fore, the response of those living 
near Malton to the prospect of additional noise due to new runways. In 1968 
Etobicoke residents put a great deal of pressure on Transport Canada not to 
expand Malton. For Transport Canada, the path of least resistance became 
the construction of a new airport. Thus ensued a four-year search for a site, 
ending when Pickering was chosen in 1972.' 


In the mid-1970s and into the 1980s the government ministry approach to 
airport planning, as exemplified by the decisions to build second airports at 
Mirabel and Pickering, was crumbling. Though the federal government suc- 
ceeded at building an airport at Mirabel, the proposed Pickering airport met 
with strong opposition from local residents, environmental groups and, 
ultimately, the Government of Ontario. Local residents did not want to lose 
their homes to a new airport. Environmental groups argued that a Pickering 
airport would destroy the last semi-rural area close to Toronto. They also 
criticized CATA’s planning assumption that air travel demand would continue 
growing rapidly for the rest of the century. This assumption was consis- 
tent with CATA’s view of the comparative risks of under-building and over- 
building. In addition, the Mirabel Airport was tremendously under-used, 
implying that Pickering might also be a white elephant. Finally, the two- 
airport system in Montreal inconvenienced connecting passengers, with 
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the result that Montreal lost some connecting traffic to Toronto. When the 
Ontario government bowed to public pressure and refused to provide 
improved ground access to Pickering, the federal government decided, in 
September 1975, to delay the proposed Pickering airport indefinitely. 


By the mid-1970s, the public sector context had changed. Rapid growth in 
government programs in the late 1960s and early 1970s, followed by slower 
economic growth in the mid-1970s meant that readily-available funding for 
CATA was drying up. The federal government was beginning to run deficits. 
Airports were now being looked upon as a source of revenue, and the first 
steps were being taken to move towards financial self-sufficiency. Airport 
fees were raised as part of the government's 1975 budget reduction package, 
and the air transportation tax was introduced in the late 1970s. 


Even though CATA’s capital funding was reduced, the demand for facilities 
was still growing because of the dramatic spurt in air travel caused by the 
deregulation of the airlines in the late 1970s and early 1980s. In this environ- 
ment, CATA had to become a more efficient manager of existing facilities. 
Small capital improvements were undertaken, such as the construction of 
additional taxiways and improved navigational aids and air traffic control. 
Airport managers established scheduling committees in which they and 
the airlines determined how runway capacity would be allocated during 
peak hours. General aviation was discouraged from using major airports 
during peak hours. All of these measures were attempts to improve the 
efficiency of existing airports, while minimizing the dissatisfaction of 
important stakeholders. 


The recession of the early 1980s, which led to sharp drops in traffic volumes 
for several years, bought some time for CATA and its airport managers. By 
the mid-1980s several factors were pushing Transport Canada to increase 
its emphasis on financial self-sufficiency for airports. The new Conservative 
government committed itself to the privatization of certain Crown corpora- 
tions (for example, Air Canada, Petro-Canada) and the devolution of some 
functions previously housed in departments to special operating agencies 
(for example, the Passport Office) or self-financing corporations. In 1986 
CATA was replaced by the Airports Authority Group (AAG) within Transport 
Canada. The new structure has a mandate to run airports on a basis more 
closely approximating the self-financing nature of the private sector. Inspired 
by the privatization of the British Airports Authority, the federal government 
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has also been moving in the direction of privatization of the airports, and 
negotiating to turn over airports to local authorities in Vancouver, Edmonton, 
Calgary and Montreal on long-term (60-year) leases. 


While devolution/privatization may be part of the government's political 
agenda, it is also a result of the difficult state of federal government 
finances. With an accumulated debt of $420 billion, and debt-servicing 
obligations of over $40 billion per year as its largest expenditure item, the 
federal government cannot afford to fund major capital projects at airports. 
Thus, the third terminal at Pearson International Airport was entirely paid 
for and is now owned by the private sector. 


Airport development is also affected by the federal environmental assess- 
ment and review process which is now a requirement in the planning of 
expansion of any major airport. In this context airport opponents have an 
opportunity to argue their case. The government, as proponent of additional 
airport investment, must demonstrate that adverse environmental impacts 
can be minimized, and that any remaining environmental damage is out- 
weighed by the user benefits. As a result, the AAG has begun to undertake — 
benefit-cost analyses of major airport investments. Since the environmental 
assessment process is a slow-moving judicial process, lead times for airport 
planning are much longer than they were 20 years ago. 


Both the unavailability of capital and the environmental review process 
have made airport expansion much more difficult. Meanwhile, demand has 
been growing since the late 1980s. Consequently, major Canadian airports 
have once again become congested. All possible minor capital investments 
(taxiways, navigational aids) have already been undertaken. Airport managers 
are continuing to use scheduling committees to mollify the airlines and 
general aviation. But the travelling public is becoming more inconvenienced 
and angered by delays, particularly at Pearson, the nation’s major hub and 
most congested airport. 


Today, the early 1990s, airport planners have come full circle. As in the 
mid-1960s, they are facing congested airports but unlike then, there is 
limited federal government money to solve the problem. We have moved 
from an airport management regime which was the “government ministry 
model” to one more closely resembling a highly-leveraged “private sector 
management regime” which is unable to assume more debt. While the 
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concerns of the travelling public, the airlines, general aviation, and area 
residents continue to echo through the corridors of the AAG, its response is 
hampered by the federal government's woeful financial situation. 


The following sections of this paper outline a model for airport management 
that puts the major emphasis on economic efficiency. As we will show, 
decisions made on that basis are different from those aimed at satisfying 
stakeholders or at achieving financial self-sufficiency. Furthermore, we will 
also illustrate how such an approach can mitigate the boom-or-bust airport 
expansion cycle we have witnessed in the last 30 years. 


2.2 THE PLANNING FRAMEWORK 


As already noted, the planning process for Canadian airports has been guided 
largely by physical standards rather than economic efficiency considera- 
tions. Such differences are not always recognized, particularly by physical 
planners who tend to draw on “economics” to justify investments they per- 
ceive necessary from their own physical or operational perspective. There 
is, of course, a fundamental difference between resorting to economic anal- 
ysis (cost-benefit or economic impact) to justify desired projects, and the 
application of economic principles towards efficient use of existing or provi- 
sion of additional capacity. This difference is evident from the recent airport 
planning experience in Canada, particularly with regard to the expansion of 
the two largest airports, Toronto and Vancouver. Background to the recent 
cost-benefit studies of both these airports, which are reviewed in more 
detail later in this report, reveals a distinct physical planning bias. In both 
cases, this bias has caused major efficiency losses before capacity could 

be expanded. 


Capacity Considerations 


To compare traffic demand to runway capacity requires that “capacity” be 
defined in physical terms as some rate of throughput (movements per unit 
time). Following Transport Canada and the U.S. Federal Aviation Administration 
(FAA) standards, runway capacity in Vancouver was defined to be the rate 
of throughput at which average departure delay reaches four minutes.* This 
standard definition of capacity reflects the general finding that once average 
delay time exceeds four minutes it rises rapidly with further increases in 
throughput; as throughput approaches maximum physical capacity, average 
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delay time approaches infinity. Given this definition of capacity, and 
assumptions about airport operating conditions, it is possible to calculate 
runway Capacity. 


The 1989 Vancouver study, by the Airside Capacity Enhancement (ACE) 
Project Team, used Transport Canada’s Hourly Runway Capacity Computer 
Program to determine the throughput rate at which average departure 
delay at the Vancouver International Airport would be expected to reach 
four minutes, given a set of assumptions about weather conditions, aircraft 
mix and air traffic control procedures. This calculated value for existing 
runway Capacity was found to be less than the existing throughput rate and, 
hence, capacity expansion was deemed to be required. Runway capacity 
was then recalculated to include short-term capacity improvements and 
compared to forecast traffic demand. From the finding that traffic demand 
would exceed runway capacity again within three years, it was concluded 
that there was a need for a new runway, the economic feasibility of which 
was to be assessed in a subsequent benefit-cost study. 


If capacity expansion is defined to be the level of throughput that produces 
a four-minute average delay, then a second means of testing the need for 
capacity expansion is to compare the existing level of average delay to the 
four-minute standard. The ACE study, based on records of departure delays 
from May 1988, found average departure delays at Vancouver to be in the 
range of 6 to 11 minutes, indicating, under the standard definition of capa- 
city, that capacity expansion was overdue. That average delay exceeded 
four minutes by a wide margin before the need for capacity expansion was 
identified is a reflection of the lack of any program for monitoring congestion 
delays at Vancouver prior to the ACE project. 


Even if the delay monitoring program had been implemented early enough 
to identify average delays at the four-minute level, there is no guarantee that 
the methodology used in the ACE study would have lead to optimal timing 
of the benefit-cost study. This follows from the fact that capacity expansion 
may be justified in economic terms before (or after) average delay reaches 
four minutes. Capacity expansion is justified in economic terms when the 
(present-valued) benefits of capacity expansion exceed the (present-valued) 
costs of expansion. Since savings of congestion delay costs are the main 
benefits of capacity expansion, there is some critical level of average 

delay at which capacity expansion becomes justified. However, there is 
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no guarantee that this critical level of average delay is four minutes; the 
critical level depends on a number of factors, particularly the capital cost 
of expansion, and may be less than or greater than four minutes. 


Hence, definition of “capacity” without reference to the cost of capacity 
expansion can lead to identification of a need for new capacity either before 
or after it is justified in economic terms. Economic criteria require that the 
need for capacity expansion be assessed not by comparing delay time to a 
physical standard, the economic merit of which is not examined, but rather 
by explicitly comparing delay cost to capacity expansion costs. In planning for 
a new runway at Vancouver, such an economic criterion was not employed 
until the benefit-cost study stage of the planning process. The initial need 
for capacity expansion, and hence the timing of the benefit-cost study, 
were determined by application of physical standards rather than explicit 
economic criteria. 


A similar physical planning bias was evident in the background to the 
proposed capacity expansion in Toronto. Recognizing that air traffic control 
could not cope with the scheduled movements, and that substantial delays 
were occurring, a decision was made to cap movements at 70 per hour, 
which was later increased to 76 per hour. In the meantime, a number of sys- 
tem improvements were planned to increase the capacity of existing runways 
to 96 movements per hour by the mid-1990s. Demand projections suggested 
that even this expanded capacity would be exceeded, and that additional 
runway options should be considered. However, the focus of the debate 
was always the comparison of hourly capacity estimates (that is, some mea- 
sure of maximum throughput within certain technical standards) and peak 
demand. As the analysis later showed, even if peak hour demand did not 
exceed the estimated “maximum throughput,” additional capacity could 

be economically justified. In other words, since operations at or near the 
estimated “maximum throughput” cause significant delays to build up in 
the system, substantial new investment could be justified through savings 
that result from the reduction of delays. 


Aversion to Pricing 


The physical standards approach dictates not only the provision of additional 
capacity, but also the use of existing capacity. When congestion builds up, 
airport planners recognize the need to ration available capacity, but tend to 
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revert to administrative rather than economic means. In Toronto, for exam- 
ple, the hourly cap determines the maximum number of flights that can be 
scheduled, and then available slots are allocated to different users. First, the 
cap typically represents a level of operation closer to “maximum” rather 
than “optimum” throughput. There is little recognition of delay costs imposed 
on different users within the cap, nor is there any mechanism to discourage 
demand through congestion pricing. Second, available slots are allocated 
through a reservations committee, which has certain priorities but no 
mandate to allocate slots to the users who value them most. 


The current scheduling practices at Toronto’s Pearson International Airport 
certainly go a long way to avoid congestion, but still fall short of optimal 
pricing. The physical planning tradition has always displayed a tendency to 
resist efficient pricing policies. As in most aspects of transportation infra- 
structure management, this tendency is also evident in Canadian airports. 
Generally, economists view the engineers’ (or planners’) aversion to pricing 
as an inherent disregard for efficiency. 


In practice, economists have to take some of the blame for overselling the 
virtues of pricing, at least in the absence of “rational” investment practices. 
As discussed in greater detail later in this report, efficient resource alloca- 
tion in airport planning has two aspects: pricing and investment. Efficient 
pricing would ensure the best use of existing facilities but, in the long run, 
economic efficiency criteria can be met only through appropriate levels of 
investment. In the Canadian airport policy debate, economists have argued 
that the need for new capacity would diminish greatly if efficient pricing 
policies were in place. Recent studies, however, have shown that airside 
Capacity investments were overdue both in Toronto and Vancouver, with or 
without congestion pricing. Thus, the country’s major airports suffered from 
under-investment, which could not be cured through efficient pricing alone. 


However, there is a legitimate aspect to the general resistance to congestion 
pricing at airports. This largely stems from the users’ mistrust that, even if 
justified by demand, funds are not properly invested in additional Capacity. 
Any attempt to increase landing fees is generally perceived as a way of tax- 
ing users, rather than creating funds for new (or paying for old) investments 
in airport facilities. It is, therefore, not surprising that user groups favour a 
slot reservation system over peak-period pricing. In the absence of a trans- 
parent mechanism to channel funds into investment, their fears are indeed 
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legitimate. Their efforts to ration available capacity among themselves is 
an attempt to squeeze out certain flights without placing a pricing burden 
on the rest. 


investment Justification 


Physical planners may not always present the most compelling economic 
rationale for new investments, but they rarely lose their zeal for facility 
expansion. The two key forces that have held them back in the last decade 
are no doubt lack of funds and community opposition. Planners tend to 
counter these forces with economic impact studies in which airports are 
presented as generators of economic activity. They provide jobs and con- 
tribute to the local or regional economy through purchases of goods and 
services. Through these “direct” wage payments and other expenditures, 
a series of secondary effects are induced as employees engage in con- 
sumption and suppliers interact with other local firms. These ripple effects 
through the local economy are generally captured by “multipliers” on the 
primary impacts, taking into account “leakages” along the consumption 
(or expenditure) chain. : 


The purpose of economic impact studies is to measure the direct, indirect 
and induced effects of an airport. In other words, the studies try to capture 
the contribution of airport-related activities to the local economy, or local 
economic activity that may disappear with the removal of the airport. The 
methods and estimation techniques vary greatly, but all these studies try 
to impute an economic value or worth to an airport. The fundamental prin- 
ciples of impact studies are derived from basic regional economic theories, 
which strive to understand the spatial dynamics of economic activity, or 
spatial linkages between firms or industries. These concepts have been 
embraced by airport planners with somewhat different motives, mainly to 
establish the significance of their airport’s role. in the local economy. 


Opposition from local residents to any expansion plans, and difficulties in 
securing investment capital, motivate airport planners to justify their role 
and enhance their profiles in the community. It is only natural to focus on 
such issues as local job and revenue generation to mobilize local support 
for new facilities, particularly in the U.S. where airport authorities tend to 
be locally governed. Especially when local financing is required, economic 
impact studies serve not only as a powerful public relations tool but also as 
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an effective mechanism to solicit public investment funds. It is understandable 
how economic impact studies became a fad throughout North America, 
virtually a compulsory undertaking for all local airport authorities through 
the 1970s and 1980s. 


In Canada, economic impact arguments played a major role in justifying the 
construction of Mirabel Airport, especially since the project was promoted 
largely as an economic development initiative. The new airport was going 
to attract development opportunities that would otherwise locate elsewhere, 
and generate substantial local activity that would otherwise be foregone. 
Similar arguments were advanced for Pickering where, of course, they 
were never given a chance to be disproven as in the case of Mirabel. 


Although the era of new airports closed with the death of Pickering, economic 
impact studies continued to play a visible role in the airport planning scene 
in Canada. In the last decade or so, every major airport in Canada has com- 
missioned at least one economic impact study. The first such study for 

the Malton (now Pearson) airport in Toronto was in fact funded out of the 
“left-over budget” from Pickering, within a year of that project’s cancellation. 
Similar studies followed in Edmonton, Calgary, Vancouver and some smaller 
airports. The earlier study of the Malton airport pre-dated some of the 
methodological advances in the economic impact culture that swept the U.S. 
through the late 1970s and early 1980s. In the late 1980s, the authorities felt 
the urge to commission a new, state-of-the-art economic impact study. 


Economic impact studies play an integral role in establishing the impor- 
tance of airports in the local or regional economy. They no doubt counter 
local opposition and mobilize political support. Similarly, they are useful in 
promoting the devolution of airports — which, as discussed in the next sec- 
tion, constitutes a cornerstone of the federal government's airport policy. 
As local governments understand the economic role of airports, they would 
naturally be drawn closer to the idea of owning and managing them, as a 
means of exercising more control or influence over local economic develop- 
ment initiatives. Despite these useful functions, however, a more critical — 
if not cynical — view of economic impact studies is difficult to avoid when 
they are being used to justify the building of new, or expansion of existing, 
airports — in other words, as an investment appraisal tool. 
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As evident from the Mirabel experience, airports cannot generate economic 
development; they can only facilitate development if the potential is there in 
the first instance. The same arguments prevailed throughout the eventually 
aborted Pickering project. Ironically, airport officials did not appear any 
wiser a decade later when they were preparing their case for the expansion 
of Pearson International Airport. Before any serious effort was made to 
examine the costs and benefits of airside capacity expansion, planners 
turned their attention to economic impact studies in the hope of proving 
that Toronto could not afford not to expand its airport. It should have been 
abundantly clear that the regional economy would be adversely affected by 
a congested airport, but it was somewhat ridiculous to try to justify a new 
investment based on potential job and revenue generation in an already 
overheated economy. As it turned out, benefits from reduced congestion 
would easily justify significant investment in new runways. The obvious 
lesson to be learned from this experience is that economic justification for 
any project lies with demand for that project, not with its consequences or 
impacts. Thus, expenditures on airport expansion should not be considered 
a net benefit or a measure of the airport’s economic impact, because if the 
airport were not expanded, those resources would be used on some other 
construction project. 


In conclusion, economic impact studies or statements may have consid- 
erable promotional value, continuing to play an important role in support of 
the federal government's devolution efforts. However, they are inadequate 
as an investment appraisal or project evaluation tool. As argued throughout 
this report, justification for airport investments can only be found through 
sound benefit-cost studies — in other words, economic efficiency must be 
established, as in all resource allocation decisions. In recent airport planning 
in Canada, preoccupation with economic impact studies has detracted from 
more serious and rigorous cost-benefit studies. Even from the perspective 
of community relations, economic impact studies prove to be.of limited 
value. Local residents affected by negative externalities (for example, noise) 
take little comfort in positive economic impacts on their community (for 
example, jobs supposedly created for others). 


2.3 THE POLICY CONTEXT 


The current policy is moving in a new direction, offering greater comfort to 
the efficiency-minded economist in the Canadian airport planning scene. 
The three pillars of current federal airport policy — devolution/privatization, 
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cost recovery and environmental assessment — provide encouraging signs 
that the efficiency of the Canadian airport system is likely to be enhanced. 


Devolution and Privatization 


When the Canadian Air Transportation Administration under Transport 
Canada was replaced by the Airports Authority Group in 1985, it took charge 
of some 200 airports across the country. At the time they had an estimated 
replacement value (in 1985 dollars) of almost $8 billion. With a capital bud- 
get of more than $200 million, an operating-maintenance budget of almost 
$400 million and approximately 4,500 employees, the AAG became a very 
sizeable operating entity. The total revenues of some $330 million in the 
first year of operations were generated from terminal fees, landing fees, 
rentals and concessions. The portion of air transportation taxes allocated to 
the AAG (approximately $280 million in 1985-86) brought the organization’s 
total revenue to more than $600 million. 


In the transformation of CATA into the AAG (and the remaining compo- 
nents — safety, regulation and air navigation — into the Aviation Group), 
the federal government was motivated primarily by the need to create a 
commercially minded, businesslike organization. This was evident from 

the government's policy statement at the time, “Future Framework for the 
Management of Airports in Canada.” The new policy package had two prin- 
cipal thrusts: transfer of Transport Canada-owned airports to local groups, 
and implementation of the Transport Canada Airports Authority Model in 
the remaining airports. Devolution is slow in coming, since Bill C-85 (Airport 
Transfer Act) is still before the House of Commons. Nevertheless, during 
the first few years, the AAG completed the transfer of 50 Arctic B & C air- 
ports to the governments of Yukon and Northwest Territories. This year, 
financial and employee benefit packages appear to have been concluded for 
the Edmonton, Vancouver, Calgary and Montreal airports, with the actual 
transfer to be completed shortly. In addition, the following initiatives are 
under way: 


¢ An agreement has been reached to secure local authority financing (for 
example, through municipal bonds) for expanded airside and terminal 
capacity at the Vancouver International Airport. 


- Base cases for Quebec City, Moncton, Windsor, Thunder Bay, Winnipeg 
and Kamloops are completed, and transfer negotiations will soon follow. 
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¢ Another round of transfers is expected to be completed in the next fiscal 
year (1992-93) and, by the following year, as many as 25 more airports 
will be transferred. 


In addition to devolution, the AAG has also undertaken initiatives to secure 
direct private-sector involvement in the design, construction, financing 
and operation of facilities. In this regard, the most significant project was 
the development of the privately owned Terminal 3 at Toronto’s Pearson 
International Airport, which opened in February 1991 with 24 gates and a 
capacity of 10 million passengers per annum. This $550-million infrastruc- 
tural investment required less than $10 million in government expenditures, 
with foregone revenues estimated to be well below the costs of operating 
and carrying (that is, interest on capital costs) a project of this magnitude. 
The AAG is currently working on a tender package for the private-sector 
redevelopment of Terminals 1 and 2 at the Toronto airport. In addition, 
efforts are being made to involve private-sector interests to buy or lease 
smaller airport facilities as part of the overall devolution thrust. 


As noted above, the operating costs of the AAG during its first year were 
about $400 million; by 1991-92, costs were down to $371 million and, by 
1993-94, they are projected to be below $300 million. The downsizing is 
largely due to the transfer of airports to local authorities. Although detailed 
productivity studies are not available, the AAG has also been trying to improve 
the efficiency of its remaining operations. Together with improved cost 
effectiveness, there is also a thrust to expand the revenue base through 
both landing/terminal fees and concessions/rentals. 


From our perspective in this research report, organizational aspects are not 
that critical in the pursuit of efficient pricing and investment policies, at least 
not in theory. The type of pricing and investment policies recommended 
throughout this report could have been implemented within the old depart- 
mental structure under CATA. However, the institutional record over the last 
two decades has proven that the bureaucratic environment was not condu- 
cive to the pursuit of economic efficiency in the running of existing, or the 
building of new, facilities. 


The more business-minded approach brought about through the creation of 


the AAG is likely to promote more efficient pricing and investment practices. 
lt should be obvious that a commercially driven organization, as opposed 
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to the old bureaucratic structure, will foster greater economic efficiency. At 
the same time, the devolution of both management and ownership helps 
bring about greater local accountability. This would tend to reduce the 
dangers of over-investment (for example, building of white elephants like 
Mirabel), while reducing the tolerance for under-investment through 
increased responsiveness to airport congestion. In general, the devolution 
and privatization thrust of the new airport policy framework is a positive 
development from an economic efficiency standpoint, though not necessarily 
a theoretical prerequisite to an efficiently run airport system. 


Cost Recovery 


Another important dimension of federal policy on airport finance and man- 
agement is cost recovery. The first discussion paper outlining Transport 
Canada’s cost-recovery policies was released in May 1987. This document 
formed the basis of subsequent consultations with various user and inter- 
est groups, leading to the publication of the second discussion paper in 
April 1990. Following another year of consultations, there now appears ~ 
some speculation that the implementation of the policy package may be 
delayed, or even abandoned. In any event, the policies in question are of 
considerable interest from the perspective of this report. 


Transport Canada’s cost-recovery policies are no doubt part of the govern- 
ment’s overall efforts to reduce the deficit. The underlying principles are 
stated as follows:® 


¢ Ensure that users bear a fair share of the costs of facilities and services 
from which they derive benefits; 


* Relieve the general taxpayer of financial burdens properly borne by users 
of the transportation system; 


* Impose greater discipline on user demands for additional or better facilities 
and services; and 


* Improve the efficiency of the transportation system, an objective that 
can be met through increased cost recovery because it will enable user 
demand, investment decisions, and modal choices to be based on a truer 
perception of the cost of service. | 
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The relevance of these principles to airport pricing and investment, is 
underlined by the cost-recovery paper’s assessment of airport revenues: 


¢ Airports are presently classified into groups for cost-recovery purposes. 
Major fees (for example, landing fees) are the same for all airports in a 
particular group but are lower for smaller airports. Landing fees are estab- 
lished ona “residual” basis, meaning that they are justified by the short- 
fall, for any given group of airports, between total airport costs and all 
other airport revenues. Historically, landing fees have never fully recov- 
ered these shortfalls. This approach has resulted in fees that are not 
closely related to the costs of the specific facilities and services at 
particular airports. 


¢ The largest single source of revenue from the air mode is the air transpor- 
tation tax (ATT), an excise tax collected from domestic and international 
passengers. Unlike the proceeds of all other excise taxes which are treated 
as a general source of government revenue, the revenues from the ATT 
are credited to Transport Canada to help pay for air transportation 
facilities and services in general. 


In determining capital costs, cost-recovery policy focusses on “net book 
value.” While the AAG estimated the replacement value of airports at more 
than $8 billion, for cost-recovery purposes, the net book value was estimated 
at about $1.5 billion as of March 31, 1988. Using an average pre-tax return 
on total net assets of regulated industries in Canada, and including a provi- 
sion for risk, annual capital costs of the AAG were estimated at approximately 
$218 million for the year 1987-88. With the appropriate adjustments and 

the inclusion of non-attributable components, total expenditures (that is, 
together with operating and maintenance costs) for cost-recovery purposes 
were estimated at $546 million. 


Once the attributable costs are determined, cost-recovery policy deals with 
their distribution among user groups. The main users of airports are domestic 
commercial transport services, international commercial transport services, 
state and military aircraft and general aviation. Proposed cost- recovery 
policies view most of the airfield facilities at major federal airports as pri- 
marily intended to serve commercial transport operators, thus allocating all 
of the associated capital costs to these users. The operating and maintenance 
costs of airfield facilities are proposed to be distributed among all users, 
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per tonne of maximum take-off weight. The costs of special general aviation 
airports would be attributed to that user group. Terminal building costs 
would be divided into those associated with the passenger-processing part 
of the building, the space used by concessionaries (that is, commercial 
space) and the terminal building’s car parking facilities. Based on these 
considerations, the principal cost-recovery proposals upe airports 

are the following: 


¢ The costs of airfields and terminal buildings should be recovered through 
site-specific charges. 


¢ Airport user-charges should be established on a compensatory basis, in 
relation to the attributable costs of the airfield and the passenger- make 
part of the terminal building. 


¢ Airport airfield costs should primarily be recovered through landing fees, 
based on aircraft maximum take-off weight, applicable to turbo-prop and 
jet aircraft. The concession fees on turbo and jet fuel should be elimi- 
nated, and landing fees should be increased in such a way as to leave 
revenues unchanged. By exception, piston-engined aircraft should pay a 
concession fee on aviation gasoline and, where pepo top nate, an additional 
landing fee at large airports. 


¢ Air terminal building passenger-processing costs should be recovered 
through general terminal charges based on standard aircraft seating capa- 
cities. A higher charge should be levied on aircraft in international service 
to reflect the additional space needs of their passengers (for example, 
for inspection services, well-wishers/greeters and longer dwell-times). 


In addition, cost-recovery policy makes provision for peak-period charging 
at major airports where traffic exceeds capacity for considerable periods 
of time. The rationale is as follows: 


* Facilities are sized to accommodate a substantial portion, but not all, of 
peak-period demand; 


¢ Larger facilities, made necessary by peaks in demand, result in additional 
Capital and operating costs; and 


* These incremental costs should be borne, to the extent practicable, by the 
users who occasion them. 
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Although the cost-recovery statement provides the underlying principles, a 
more detailed methodology remains to be worked out with regard to both 
passenger-processing and airfield facilities. In the meantime, minimum 
landing fees, and two related provisions for Toronto and Vancouver (con- 
cerning fees payable by large piston-engined aircraft, and concerning the 
AVGAS concession fee) have been proposed. 


The implications of the proposed cost-recovery policies from a pricing 
perspective are dealt with in more detail later in this report. There are some 
conceptual differences between the cost-recovery approach, on the one 
hand, and theoretical principles of social marginal cost pricing on the other. 
However, the proposed cost-recovery framework provides the essential 
elements of an efficient pricing system. Although this is clearly a positive 
development, it is now doubtful that the cost-recovery policy package will 
proceed as planned. 


Environmental Review 


As in all aspects of socio-economic activity, airport-related policies are 
also taking on an increasingly important environmental focus.® In the 
current fiscal year, the AAG notes the following key initiatives with respect 
to the environment: 


¢ Guidelines for restrictions on night flights have been established and a 
major program for Noise Management has been instituted at Toronto 
Pearson. 


« A 5-year program for the destruction of Polychlorinated Biphenyls 
(PCBs) throughout Transport Canada has been developed and program 
documentation completed. 


¢ All international airports and each region now have a senior 
environment officer on staff. 


For the next fiscal year, the following are noted: 


¢ The Airports National Environmental Action Plan developed in 
response to the Federal Green Plan will be implemented. The key 
elements will be programs to identify and test sites for contamination, 
testing of underground storage tanks as well as the PCB program. 
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¢ While much planning and preliminary survey work will be accomplished, 
physical progress will undoubtedly be retarded due to the budgetary 
situation. 


¢ ...to shift our environmental focus from reactive to proactive, a 
comprehensive program of environmental audits, air and water quality 
monitoring, and development of environmental guidelines will be 
implemented. 


Generally, airports and the environment are perceived to be in a perpetual 
state of conflict. As environmental concerns grow and public policy becomes 
more sensitive towards environmental quality, airport operators feel more 
pressure and encounter more constraints on the planning process. How- 
ever, economic efficiency is not always in conflict with environmental 
objectives. For example, airplanes generate noise which has an impact on 
neighbourhoods in the immediate vicinity of airports. These, in fact, are 
costs borne by local residents, which are in principle not very different from 
operating costs incurred by airlines themselves. They are all “economic. 
costs” associated with air travel; the difference is that some are borne 
“internally” by providers or users of commercial services, while others 

are imposed “externally” on other parties. 


All costs, internal and external, have to be incorporated into efficient pricing 
practices. For example, air travellers should be paying for environmental 
costs they impose on society at large, in the same manner as they pay for 
airport facilities they use. In general, as environmental concerns come to 
the forefront of public policy debates, increasing attention will no doubt 
focus on external costs (noise, air or other environmental costs) generated 
by airport activity. However, this development, in and of itself, should not 
compromise economic efficiency, but place greater pressure for “prices” 

to reflect both internal and external costs. 


Apart from pricing considerations related to existing airport activities, 
heightened environmental concerns also affect investment policies and 
practices. For example, as new airports are built, or existing ones expanded, 
more stringent environmental review and assessment are required. Recently, 
the proposed airside capacity expansions at both Toronto and Vancouver 
international airports came under the Environmental Assessment and 
Review Process (EARP), administered by the Federal Environmental 
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Assessment Review Office (FEARO). In both Toronto and Vancouver, 

the Minister of Environment appointed a panel to review Transport Canada’s 
proposals. In each case, Transport Canada prepared detailed environmental 
impact statements (EIS) which were scrutinized by the panel through 
consultations and public hearings. 


The EARP naturally slows down major projects. While placing an adminis- 
trative burden, however, the EARP also imposes a greater degree of financial 
or economic discipline on public investment projects than that which might 
exist in the absence of such a rigorous review. Most environmental impact 
statements, particularly with regard to major airport projects, are expected 
to include a rigorous benefit-cost study. While other Treasury Board guide- 
lines may also require similar financial scrutiny, the rigour with which 

the cost-benefit studies were conducted in the case of both Toronto and 
Vancouver airside expansion projects could in large part be attributed to 
the EARP requirements. It is doubtful that some of the white elephants of 
the past would pass the scrutiny of today’s review standards. Thus, rather 
than hindering economic efficiency, the environmental review process has, 
somewhat ironically, enhanced it. | 


3, THE AIRPORT INVESTMENT PROBLEM 


Airports, like other large, public infrastructure facilities, are characterized by 
indivisible capacity — capacity that cannot be expanded continuously, but 
rather only in large lumps. Improvements to navigation and control facilities, 
taxiways, passenger handling facilities and access roads can enhance the 
capacity of existing runways and terminals to a limited extent, but, as usage 
increases, eventually new runways and terminals are required.’ At that 
point it is not technically and/or economically feasible to construct half of 

a runway or half of a terminal: expansion of runway and terminal facilities 
requires a large, fixed investment. The lumpy nature of capacity expansion 
means that new capacity may initially be under-used but, as traffic volume 
increases, congestion builds and congestion delays mount. This section of 
the report deals with economic criteria for airport investments, first, from 

a theoretical perspective, then followed by two case studies dealing with 
airside capacity expansion at major airports. 


3.1 THEORETICAL CONSIDERATIONS 


Decision Criterion 


The relevant economic criterion for evaluating public policies that affect 
diverse groups is the maximization of net social benefits. This criterion, by 
definition, accounts for the benefits and costs that accrue to all individuals 
who are affected by a policy, to arrive at a measure of the net benefit of the 
policy to society. The concept of net social benefit (NSB) encompasses not 
only private costs and benefits that accrue directly to providers and users 
of a service but also external costs and benefits that accrue to third parties. 
Hence, an evaluation of the proposed construction of a new runway that 
uses the NSB criterion would weigh the costs of the runway, both to airport 
operators and to the surrounding community who suffer noise and environ- 
mental disamenities, against the benefits of the runway, both to those who 
use it and, potentially, to those who receive economic spin-off benefits. The 
NSB of the policy of constructing the runway is then the sum of all social 
benefits minus the sum of all social costs. 


The establishment of net social benefit as an economic criterion for decision 
making requires that costs and benefits be valued in some common unit, 
such as dollars. To ensure that the NSB reflects society’s strength of prefer- 
ence for a policy, costs and benefits that have no existing market value are 
assigned the values placed on them by the affected individuals themselves, 
as revealed by their willingness to pay to receive a benefit or to prevent a 
cost.2 When benefits and costs are defined in this manner, the NSB repre- 
sents the increase in “social welfare” or “economic surplus” attributable to 
the policy, that is, society's valuation of the policy minus the social cost of 
providing the policy. | 


A policy with a positive, or even a maximal, net social benefit is not neces- 
sarily a policy that will make everyone better off. Positive NSB requires only 
that the benefits to those who gain from a policy exceed the costs to those 
who lose from a policy. The rationale for adopting a policy with positive 
NSB is, therefore, that it is possible to redistribute the impacts of the policy 
in such a way that no individual is made worse off, but some individuals 
are made better off, by the policy. Specifically, the gainers could hypo- 
thetically compensate the losers and still have some gain left over. The 
losers would then be no worse off than before the implementation of 
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the policy-compensation package, since their social cost, as measured in 
the NSB, equals their willingness to pay for the removal of the policy and 
therefore, the amount that they are willing to accept in compensation for 
the retention of the policy. This is known as the “compensation principle.”9 
A policy that has positive NSB is deemed to be socially worthwhile because 
ifthose who benefit from the policy were to compensate those who lose, 
everyone would be at least as well off as before the implementation of 

the policy. 


While maximization of the net social benefit may be a sound economic cri- 
terion upon which to choose among policies, it may raise political problems. 
For example, a NSB-maximizing policy, while conferring positive net bene- 
fits on society, may impose large losses on some individuals because a 
positive-NSB policy does not necessarily require that losers be compensated; 
the formula is that ifthey were compensated and there was still residual 
benefit to gainers, then the policy would be deemed positive. If the costs of 
a positive-NSB policy are concentrated among a group of individuals (such 
as those who inhabit the neighbourhood of a facility), while the larger bene- 
fits are spread thinly across the travelling public, each losing individual has 
a greater incentive to lobby against the policy than does each member of 
the general public to lobby for the policy. The likely result in such a case is the 
formation of interest groups opposed to a policy which, in terms of economic 
efficiency, benefits society as a whole. The implication of such interest 
group dynamics is that the use of the NSB criterion in policy selection may 
be constrained by the intrinsic nature of representative democracy. 


In addition, the manner in which gains and losses are distributed among 
members of society may be of social concern. It may be a political objec- 
tive to select policies that not only maximize the NSB — the size of the eco- 
nomic pie — but also that distribute costs and benefits — shares of the pie — 
according to some equity criterion,’° for example, access. 


Another type of equity criterion of potential political concern is the impact 
of a policy on low- versus high-income groups. The political objective of 
choosing policies that equalize the distribution of income across society is 
not reflected in the NSB criterion as formulated here. Summing costs and 
benefits across all individuals in an unweighted manner to obtain the net 
social benefit implicitly assumes constant marginal utility of income, that 
is, that low-income individuals value a dollar benefit or cost the same as 
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high-income individuals. A criterion which sought to equalize society’s 
income distribution would assign more weight to a dollar benefit received 
by a low-income person than to a dollar benefit received by a high-income 
person. Therefore, the assumption of equal marginal utility of income is 
tantamount to overlooking the income-distributional effects of a policy, or 
assuming that they are negligible." 


Investment Timing 


The airport planner’s long-term decision problem is to determine the optimal 
quantity and timing of capacity expansion. If the planner’s sole concern is 
economic efficiency, then the optimal capacity expansion path is that which 
maximizes the net social benefit of expansion. A solution to the problem is 
therefore a decision rule that identifies the NSB-maximizing quantity and 
timing of capacity expansion. 


In practice, this decision rule is constrained by technical (physical and — 
engineering) and economic (economy of scale) considerations that limit the 
quantity of capacity expansion to a few feasible options at any given time. 
The incremental benefit and cost streams (in comparison to some common 
base-case option) associated with initiating each of these expansion options 
at that given time can be simulated and the net present value (NPV) of each 
calculated. According to conventional benefit-cost practices, '2 the optimal 
policy would simply select the expansion option with the largest positive 
NPV, or the base case if the NPV of all other options were negative. The 
selected option would then be subjected to sensitivity analysis to determine 
whether delaying its implementation would raise its NPV.' However, such 
a policy, which considers the optimal timing of the selected option (the 
option with the highest NPV for current construction) but not the optimal 
timing of the other options, would not necessarily expand capacity in a 
manner that maximizes the NPV of net social benefits. 


An optimal capacity expansion policy must optimize over both the quantity 
and the timing of capacity expansion. In particular, the policy must account 
for the possibility that start-dates other than the present for a// options 
may change the preferred option. That is, the option with the highest 

NPV for current construction may not be the option with the highest 

NPV for future construction. In order to account for this possibility, the 
optimal decision rule for capacity expansion must in general determine 
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the NPV-maximizing start-date (optimal timing) for each expansion option, 
and then select the optimally timed expansion option with the greatest 
non-negative NPV. 


The optimal timing for a given capacity expansion option is determined 
through a comparison of the incremental benefit of delaying expansion by 
one period to the incremental cost of such a postponement."4 The benefit of 
delaying expansion by one year is the saving of the opportunity cost of cap- 
ital in that year.15 The cost is the lost net benefit (congestion savings less 
maintenance and externality costs, all over the base case) that capacity 
expansion would have produced in its first year of operation. The delay is 
justified as long as the benefit of delaying expansion by one year exceeds 
the cost of same. If congestion in the absence of expansion increases 
monotonically over time, and hence the annual benefit of expanding capac- 
ity increases monotonically over time, then the cost of delaying capacity 
expansion by one year increases over time.'® By contrast, the benefit of 
delaying expansion by one year (the interest savings on expansion capital) 
is constant over time. 


Given these assumptions, it follows that there will be a unique point in time 
at which the benefit exactly equals the cost of delaying capacity expansion 
by one year. This point is the start-date that maximizes the NPV of the expan- 
sion option, t* (see Exhibit 1). Before this optimal start-date, the cost — fore- 
gone benefit — of delaying expansion is less than the benefit — interest 
savings — of delaying expansion; hence, delaying the implementation of 
the expansion option increases its NPV. After the optimal start-date, the 
cost of delaying expansion exceeds the benefit and so further delay leads 
to a decrease in the NPV of the expansion option. Therefore, assuming 
monotonically increasing benefits to expansion over time, the optimal year 
in which to initiate an expansion option is the first year in which the net 
benefit of expansion exceeds the opportunity cost of expansion capital; 
that is, the first year in which 


(B, a M, ‘ E.) = rK 
where B, is annual congestion cost savings, M; is annual incremental opera- 


tions and maintenance cost, E, is annual incremental external cost, r is the 
social discount rate, and K is the capital cost.'7® 
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Exhibit 1 
VARIATION OF NPV wit START-DATE 


NPV (1991 $) 


1991 1995 2000t* 2005 2010 
Start-date 


VARIATION OF RECOMMENDED OPTION WITH START-DATE 


NPV (1991 $) 


NPV3 


NPV2 


NPV1 | 
Option 1 Option 2 


1991 1995 2000 ' 2005 
Start-date 


The existence of a unique optimal start-date for any expansion option stems 
from the assumption that the net benefits to expansion (exclusive of capital 
cost) increase continuously over time. If the assumption of monotonically 
increasing net benefits is not satisfied, then the decision rule for optimal 
timing presented above does not apply, and the optimal timing for initiating 
an expansion option must be determined by simulating each possible 
start-date and selecting the start-date that maximizes NPV.'? However, the 
assumption of monotonically increasing net benefits is likely to be valid for 
airport investments, because indivisible capacity means that, in the absence 
of capacity expansion, congestion rises with demand and, hence, that the 
benefits of capacity expansion increase over time. 


Selecting the recommended expansion option from among the set of opti- 
mally timed expansion options ensures that the NPV of capacity expansion 
is maximized over both the quantity and timing of capacity expansion. Use 
of a decision rule that chooses between expansion options timed to start 

at the present date rather than at optimal start-dates can alter the choice of 
expansion option, and hence expand capacity in a manner that does not 
maximize NPV. Exhibit 1 also provides an example of non-optimal decision 
making under a decision rule that maximizes present-year NPV for present- 
year start-dates rather than over all possible start-dates. In Exhibit 1 (bottom), 
Option 1 and Option 2 represent two technically feasible expansion options. 
For each option, potential start-dates are plotted against the 1991 NPV of 
implementing the option at each start-date. 


Option 2 represents a larger capacity expansion than Option 1, with larger 
capital costs and larger congestion relief benefits, particularly in later years. 
Because of its larger capital cost, a greater level of congestion cost is required 
to offset the interest savings benefit of delaying Option 2; thus the NPV of 
Option 2 is maximized at a later start-date (2000) than is the NPV of Option 1 
(1995). Although the greater capital cost of Option 2 causes it to have a later 
optimal start-date, and to have a lower NPV than Option 1 for early start- 
dates, the greater benefits of Option 2 in later years gives Option 2 a greater 
1991 NPV than Option 1, subject to being able to delay initiation of Option 2 
to the year 2000. A policy that chose between the two options based only 
on 1991 start-dates would select Option 1 and accrue NPV1 in 1991. A 
policy that further evaluated the optimal timing of its recommended option, 
Option 1, would find justification for delaying Option 1 until 1995 to raise 
the 1991 NPV of the project to NPV2. Yet this policy would not maximize 


Mon 


\ 


NPV in 1991. An optimal policy would evaluate the optimal timing of both 
options and recommend implementation of Option 2 in the year 2000, 
accruing the maximal NPV of NPV3 in 1991 dollars. 


Hence, in general, it matters whether optimal timing analysis is performed 
before, rather than after, the selection of the recommended expansion option. 
In certain specific cases, the same option would be chosen regardless of 
whether optimal timing were considered before or after option selection. 
One such case of particular interest occurs when all options are “overdue” 
(past their optimal start-dates); the optimal timing for all options is then the 
present, and so a simple choice of the option with the greatest NPV based 
on a present start-date will maximize present-date NPV. This may have 
been the case identified in the recent runway expansion studies for Pearson 
and Vancouver international airports, both of which found the recommended 
option to be overdue and recommended immediate implementation.2° While 
these recommendations may have been justified in a second-best sense, for 
a long-run planning policy the first-best solution would implement capacity 
expansion at, rather than after, the optimum time. : 


To devise a long-run planning policy that achieves both the optimal 
quantity and timing of capacity expansion would require looking beyond 
decision-rules for benefit-cost studies to the timing and frequency of the 
studies themselves. There would be a trade-off between the administrative 
costs of more frequent study and the benefits of improved timing. The con- 
ventional benefit-cost approach to long-run investment planning offers a 
robust solution to only half of the planner’s long-run investment problem. 
The conventional approach tackles the question of what investment should 
be made at the current time, and then asks when this investment should 

be undertaken. An optimal solution would take a longer-term view of the 
long-run investment planning problem by focussing first on when each of a 
number of feasible investments would best be undertaken, and then asking 
which of these optimally timed options should be undertaken over time. 
Hence, the optimal long-run investment policy first determines the optimal 
timing of each feasible expansion option, which occurs in the first year that 
the net benefit of expansion exceeds the opportunity cost of expansion 
capital.2’7 The optimal policy then selects the option which, constructed at 
its optimal time, produces the largest NPV in the present. 
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3.2 VANCOUVER INTERNATIONAL AIRPORT 


Scope 


Following the economic recovery that began in 1985, aircraft movements at 
Vancouver International Airport (YVR) grew rapidly, increasing at an average 
annual rate of 11 percent during the period 1984-1988. The increased air- 
craft activity stemmed from the growing role of YVR as a hub for regional 
air services in the wake of airline deregulation and from a surge in Pacific 
Rim traffic. In response to mounting traffic and observable aircraft delays, 
Transport Canada initiated the Airside Capacity Enhancement (ACE) Project 
in 1988. The ACE project documented the existence of airside congestion 

at YVR during peak periods and identified short-term measures to enhance 
airside capacity.?? 


These measures included modifications to the existing runway system, air 
navigation technology improvements, modifications to air traffic control 
procedures, and a $25 peak-period minimum landing fee intended to shift some 
piston aircraft to other airports. Together, these measures were expected to 
boost YVR airside capacity by eight percent; this would constitute the base 
case for the study. Since even with full implementation of these measures 
traffic was expected to grow sufficiently to match capacity and delays to 
re-emerge by 1991, the need for a new runway was identified. 


Several options for expanding capacity were formulated for comparison with 
the base case, each of which included the base improvements to existing 
infrastructure. These capacity expansion options were imposition of a $25 
or $100 peak-period minimum landing fee; construction of a new runway of 
either 5,000, 8,000 or 9,400 féet in length parallel to the existing main run- 
way; a $25 or $100 peak-period fee in combination with a parallel runway; 
and $100 peak-period fee in combination with construction of enhanced air- 
side and terminal capacity at alternative Lower Mainland airports. The last 
option included enhancement of Abbotsford International Airport to allow 

it to function as a second airport for mainline carrier traffic, enhancement of 
surface transportation between the two alternate airports, enhancement 

of Boundary Bay Airport to attract non-commercial traffic, and a $100 peak- 
period minimum landing fee at Vancouver International to encourage use of 
the alternate facilities. Peak fees under all options would be levied during the 
12-hour period of sustained demand at YVR on weekdays from 7 a.m. to 7 p.m. 
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The wide range of investment options considered in the study ensured that 
runway expansion at YVR would be recommended only if it was found to 
have greater economic merit, that is, net present value (NPV), than all other 
methods of alleviating congestion. In addition to the base-case efficiency 
improvements and alternate airport development, consideration of pricing 
as an alternative to investment was an important aspect of the study. The 
inclusion of peak-period pricing, both alone and in combination with a par- 
allel runway, ensured that a parallel runway would be recommended only 
if justified as an alternative to or in addition to peak-period pricing. 


If pricing alone were found to have greater economic merit (NPV) than 
runway construction alone, then comparison of the merit of the runway 
plus pricing combination with the merit of the pricing alone option would 
indicate whether runway construction was justified in addition to pricing. 
On the other hand, if runway construction were found to have a higher NPV 
than pricing, then comparison of the NPV of the runway plus pricing combi- } 
nation with the NPV of runway construction alone would indicate whether 
pricing was justified in addition to runway construction. In either case, the © 
runway plus pricing option would not necessarily be superior to either 

the runway alone or pricing alone options because investment and pricing 
are alternative measures for dealing with congestion. Since both rely on the 
existence of delays for their justification, implementation of both runway 
construction and pricing would be justified only if sufficient congestion 
remained after implementation of either a runway or pricing alone. 


In accordance with the requirements of benefit-cost analysis, the study | 
considered not only a wide range of options but also the social benefits and 
costs of each option. The benefits of each option in comparison with the 
base case stemmed from reductions in congestion delay costs, whether by 
diverting some aircraft from peak periods to off-peak periods or alternative 
airports, or by expanding runway capacity at YVR. The latter options allow 
traffic to increase above base-case levels simultaneously with reduction in 
delay costs. This “generated” traffic, which would not have used YVR with- 
out runway expansion, accrues consumer surplus benefits under the runway 
expansion options that are additional to delay savings that runway expan- 
sion accrues to base-case traffic. Options that use peak pricing to alleviate 
congestion delays at YVR lead to net decreases of peak traffic at YVR and 
hence do not generate traffic in excess of base-case traffic. 


Rather, under pricing options, a portion of base-case traffic is diverted from 
YVR, and this diverted traffic incurs a consumer surplus loss. 


The second major type of benefit of capacity expansion is the incremental 
macroeconomic benefit of increased airport-related activity that results from 
generated traffic. Macroeconomic benefits can be attributed to an expansion 
option only if they would not have accrued to the economy if the resources 
used to expand airport capacity had been put to an alternate use. In the 
study of capacity expansion options at YVR, macroeconomic benefits were 
calculated but were displayed alongside rather than incorporated into option 
NPVs. Prudent investment planning dictates that decisions be made on 

the basis of user benefits alone because “the stimulative macro-economic 
effects of infrastructure projects are very small in relation to the overall 
volume of macro-economic activity and thus a great deal less certain than 
estimates of user benefits. As well, uncertainty of the stimulative impact of 
alternative uses of capital funds creates a risk of double counting benefits.” 24 


Approach 


Estimation of the capital and O&M costs of airport investment options 

can be based on the well-defined procedures for engineering costing and 
economic impact assessment. In the benefit-cost study of capacity expansion 
options at YVR, one measurement issue relating to capital costs concerned 
the allocation of the capital and O&M costs of surface transportation 
improvement to the alternate airport development option. A sensitivity 
analysis approach was taken to gauge the effect of allocating either 50 per- 
cent or 100 percent of surface transportation costs to the option. A second 
measurement issue concerned the cost of the land on which a parallel run- 
way would be built. The study valued land costs at zero, arguing that there 
would be no alternative use for the Sea Island lands if a new runway were 
not built. The Federal Environmental Assessment Panel that reviewed the 
benefit-cost report argued that the land should have been valued on the basis 
of airport-related commercial development.?° 


The measurement of the user benefits and costs of airport capacity expansion 
require special attention involving forecasts of peak-period traffic volumes 
and average delay times. The reduction in average delay time over the base 
case engendered by an option can then be applied to the base-case traffic 
volume to obtain a measure of total delay minutes saved. If an option 
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alleviates congestion by diverting aircraft movements to off-peak times or 
alternate airports, delay time savings are calculated by applying average 
delay time savings to the remaining traffic volume. In both cases, delay 
minutes saved can be converted to dollar benefits by using readily available 
information on per-minute aircraft operating costs, aircraft load factors, and 
the value of business and non-business passenger time. 


Consumer surplus benefits and costs to generated and diverted traffic can 
also be calculated directly from forecast traffic volumes and delay cost savings, 
provided that assumptions are made about the price elasticity of demand 
for aircraft movements. The benefit to each generated traffic movement (in 
excess of base-case traffic) is a fraction of the delay cost savings to base- 
case traffic movements, where the fraction is determined by the demand 
elasticity. In the YVR study, fractions in the range of one half to one third 
were used, reflecting the assumption of demand curves between the linear 
and log-linear form. Consumer surplus losses to diverted traffic movement 
were similarly calculated as a fraction of the increase in peak-period fees. 


Hence, the key requirements for estimation of the user benefits and costs of 
airport capacity expansion are the ability to forecast peak-period traffic and 
the ability to translate peak traffic into average delay times under the capacity 
specified by each option. In the YVR study, forecasting of peak traffic for the 
base-case and runway options was relatively straightforward. The number 
of annual originating and destination passengers was first forecast on the 
basis of provincial population and disposable income growth. This traffic 
was then grossed up by a hubbing ratio to account for connecting enplane- 
ments and deplanements. Annual enplanements and deplanements were 
then translated into annual runway movements by making assumptions 
about aircraft sizes and load factors. Finally, annual runway movements 
were translated into representative peak-period runway movements on 

the basis of existing peak patterns. 


The traffic forecasting process is complicated by the need to recognize the 
impact of congestion delay on traffic demand. As traffic increases, conges- 
tion delays increase as well, increasing the cost of using the airport, and 
decreasing the demand for aircraft movements. The effect of delay costs 
curtails traffic and delays growth in the base case, leading to decreased 
delay savings benefits (but increased traffic generation) from construction 
of new runways. 
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Ideally, traffic and congestion delay would be estimated simultaneously 

by a structural system in which traffic depends on delay, and delay in turn 
depends on traffic. However, in the YVR study, traffic and delay were esti- 
mated by two separate models, with traffic estimated first without explicit 
reference to delay, and delay then computed on the basis of traffic. Two 
strategies were adopted to compensate for the absence of explicit consider- 
ation of the effects of delay in the traffic forecasting model. First, the effects 
of delay costs on traffic were modelled implicitly by adjusting aircraft size 
and load factor assumptions upward and hubbing ratios downward in the 
base case to simulate the response of airlines to capacity constrained condi- 
tions. Second, after forecast traffic had been used to calculate delays, the 
sensitivity of study results to capping traffic growth at a level that produced 
a “maximum tolerable delay” of 20 minutes per aircraft was investigated. 


Forecasting of peak-period traffic under pricing and alternative airport 
development options was achieved by adjusting base-case traffic forecasts. 
The percent of base-case peak movements by aircraft type that would divert 
to off-peak periods under a peak fee was estimated based on the response 
to peak pricing at other airports. Under the alternative airport development 
option, the diversion attributed to a $100 peak fee was adjusted upward to 
allow for the increased attractiveness of alternate airports and the enhance- 
ment of surface transportation links. The increased attractiveness of alter- 
nate airports was analyzed in terms of the types of aircraft that they would 
be upgraded to handle and the importance to aircraft operators of hubbing 
on YVR. 


To translate peak-period traffic into congestion delay requires simulating 
use of the capacity provided under each option by the traffic forecast for 
the option. This was achieved in the YVR study by use of ADSIM, a discreet- 
event (aircraft-by-aircraft) airfield simulation model developed by the U.S. 
Federal Aviation Administration and applied to YVR by Hickling Consultants 
in their study. The simulation model uses queuing theory to predict hourly 
flow rates and average arrival and departure delays, given data on traffic 
demand, runway configuration and air traffic control procedures. The model 
was tested by simulating arrivals and departures over three days in 1989 to | 
determine the extent to which predicted hourly flow rates mirrored actual 
operations. In each case, simulated flow rates were within one percent of 
actual, providing confidence in the model as a planning tool. 


Mn 


Simulated delays for 1989, however, significantly exceeded delays recorded 
by YVR’s delay monitoring program. This was attributed to deficiency in the 
delay monitoring system rather than to deficiency in the simulation model. 
In fact it seems that the data collected by YVR’s delay monitoring program 
are compromised somewhat by the method of its collection. Control tower 
personnel record aircraft movements as they occur, but some movements 
(25.5 percent in 1988) are not recorded because of workload priorities in 

the control tower during peak periods.2© Because peak periods are times of 
greater than average delay, YVR’s delay monitoring program systematically 
underestimates the actual average level of delay. 


Hence, although ultimately an integration of traffic demand and delay fore- 
casting models would be desirable, the separate estimation of traffic demand 
and congestion delay conducted in the YVR study provides a credible basis 
for measuring the user benefits and costs of airport capacity expansion. 
Given credible demand forecasts, the existence of simulation models capa- 
ble of translating demand into average delay, along with the existence of 
market prices at which to value delay time savings to aircraft operators and . 
passengers, makes estimation of user benefits a fairly mechanical process. 


Potentially more difficult to measure are the external costs imposed by air- 
port development on non-users. The YVR study identified three areas of 
external cost associated with airport development — noise costs; effects on 
birds, other wildlife and their habitat; and air quality. The methodology used 
to measure noise costs in the YVR study follows established theory that 
defines the various components of the social welfare loss produced in a 
residential neighbourhood by an increase in noise. The first step in the 
methodology was to determine the number and value of dwellings that 
move into higher noise contours due to operation of a new runway. The 
second step was a survey of real estate agents and the literature to estimate 
by dwelling type and noise contour the percent of householders who would 
move due to increased noise (6% on average), the depreciation in property 
values due to increased noise (2% to 6%), and to estimate householder sur- 
plus (the value that householders place on a dwelling in excess of its market 
value; 130% on average). The natural migration rate of those who moved 
for reasons other than increased noise was also estimated. 


An important distinction was drawn between those who would move because 


of noise and those who would move for other reasons. Both groups of 
movers would suffer depreciation losses; those who would move because 
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of noise would also suffer a loss of householder surplus. Those who would 
stay would not suffer depreciation costs but rather noise annoyance costs. 
These noise annoyance costs must technically be less than the depreciation 
and householder surplus costs of moving; otherwise those who stayed 
would have moved. To be conservative, annual noise annoyance cost was 
estimated such that its present value equalled the present value of the sum 
of depreciation and householder surplus costs, under the assumption that 
the average householder would stay for six years on average after opening 
of the new runway. In addition, noise insulation costs were calculated for 
schools and hospitals, as well as moving costs of those who would move 
because of increased noise. 


These various components of incremental noise cost were estimated for 
both runway expansion at YVR and capacity enhancement at Abbotsford 
International Airport for representative future years. After a given amount 
of time, all original residents were assumed to move away and noise costs 
to drop to zero since those who move in after the new runway was in 
place receive benefits from depreciated housing prices that offset noise 
nuisance costs. 


Although the YVR study identified the existence of external costs other than 
noise, only noise costs were quantified. The rationale for not quantifying 
wildlife and air quality costs was that the net benefits of parallel runway 
construction were so large that they were unlikely to be offset by environ- 
mental costs. Although the Environmental Assessment Panel agreed that 
environmental costs would not outweigh the estimated net benefits, it did 
not accept the rationale for excluding them from the analysis: 


By so doing, the analysis implicitly undervalues environmental costs. 
The federal government's stated objective in the Green Plan is to 
incorporate environmental criteria into policy and decision-making 
processes. In this case that has not been done... . It is no longer 
acceptable to exclude these costs from economic analyses.”2/ 


As the Panel suggested, a reasonable shadow price for valuing wildlife 
losses is the cost of replacing lost habitat, either through purchase of 
compensatory habitat or implementation of conservation programs in 
remaining habitat. 
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Findings 


Exhibit 2 summarizes the findings of the benefit-cost study of the airside 
capacity enhancement options at Vancouver International Airport. As it 
indicates, $25 and $100 peak-period minimum landing fees were found to 
produce net present values of $0.9 billion and $2.1 billion respectively. This 
reflects underlying estimates that the fees would divert 3.8% and 17.3% of 
peak-period traffic, respectively. 


With an NPV of $3.8 or $3.9 billion, a parallel runway of 8,000 or 9,940 feet 
was found to produce greater net benefits than a peak-period fee. The 
amounts by which the NPVs of runway options exceed the NPVs of $25 and 
$100 pricing options are indicated by the figures in the columns labelled (b) 
and (c). Both pricing options produce greater net benefits than construction 
of a shorter runway of 5,000 feet capable of handling limited aircraft types. 
The pricing options were found to be superior to alternate airport develop- 
ment as well, whether 50 percent or 100 percent of surface transportation 
infrastructure costs were allocated to the latter option. The finding that — 

a $100 peak fee alone produces a greater NPV than a $100 peak fee plus 
alternate airport development reflects the high capital cost of surface trans- 
portation improvements. It also reflects the underlying assumption that alter- 
nate airport enhancement — and hence the peak fee imposed to encourage 
alternate airport use — would not be fully implemented until 2001. . 


Whereas peak pricing alone was found to be superior to alternative airport 
development, and construction of the longer runways alone was found to 
be superior to peak pricing alone, construction of a longer runway in com- 
bination with peak pricing was found to be superior to construction of a 
runway alone. This reflects the finding that construction of a runway alone 
would not totally eliminate congestion and delay, either immediately or 
over the entire study period (to the year 2018). In fact, with construction of 
a 9,940-foot runway, delay was forecast to reach 1988 levels again by 2005. 
Hence, with a parallel runway, implementation of peak-period pricing would 
yield positive incremental net benefits, although these net benefits would 
not be as great as those attributable to peak pricing alone. 


The combination of investment and pricing with the greatest NPV was found 


to be construction of a 9,940-foot runway with either a $25 or $100 peak- 
period minimum landing fee. Although the $100 fee in combination with 
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a runway produced a greater NPV ($4.5 billion) than the $25 fee ($4.2 billion), 
the difference between these two amounts was found to be statistically 
insignificant. Therefore, the $25 fee in combination with the 9,940-foot run- 
way was recommended, reflecting the low level of congestion that would 
prevail in early years. This was accompanied by the recommendation that 
the peak fee be reviewed with the intention of revising it upward in future. 


The benefits of all options had much more influence on their NPVs, and 
hence their rankings, than did the costs. For every option except alternative 
airport development, total benefits exceeded total costs by an order of mag- 
nitude. This is not to say that the costs are not large in absolute magnitude. 
The total cost of a parallel runway would be approximately $110 million, 
$43.4 million (39%) of which was attributed to increased noise. Of the noise 
costs, property depreciation comprised 37%, noise annoyance 30%, lost 
householder surplus 16%, moving costs 8%, and insulation costs 8%. Despite 
the large share of noise costs in total costs, and the large absolute magnitude 
of total costs, total costs were small relative to total benefits. For the recom- — 
mended option, total benefits ($4.3 billion) exceeded total costs ($ 0.11 billion) 
by a factor of 39.28 Only under the alternative airport development option 
did costs approach or exceed benefits, and in that case only as a result of 
the very high cost of constructing and operating a surface transportation 
link, estimated at $2.7 billion (1988 present value dollars). 


Total annual delay forecasts are presented in Exhibit 3. Even with the com- 
bination of a 9,940-foot runway and a $25 peak-period minimum landing 
fee, delays are forecast to return to their 1988 levels by the year 2010. The 
finding that, even with a new runway and pricing measures, delays can be 
expected to re-emerge in the next century prompted the recommendation that 
steps be taken to preserve the option of future development of alternative 
airports in the Lower Mainland region. 


The findings of the study are subject to uncertainties in the parameters that 
underlie all forecasting. As noted above, one of the principal uncertainties 
is that of predicting users’ response to mounting delay in the absence of a 
parallel runway. The benefits of parallel runway construction were based 
on forecast delays that rise to 127 minutes per aircraft by the year 2018. If 
growth in traffic, and hence delay, were dampened before delays reached 
this point, either because passengers found them intolerable or because the 
airport imposed an administrative cap, then the benefits of parallel runway 
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Exhibit 3 
STRATEGY 1—BASECASE 
Total ANNUAL DeLay, 1988-2018 
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Exhibit 3 (cont'd) 
STRATEGY 3 — ALTERNATIVE AirPoRT DEVELOPMENT 
ToTaL ANNUAL DELAY 


Total delay (thousands of aircraft hours) 


1985 1990 1995 2000 2005 2010 2015 . 2020 
Year 


Source: Hickling Corporation, Economic Analysis of Airfield Capacity Enhancement 
Strategies for Vancouver International Airport (March 1990), 
pp. 116, 118, 119. 


construction would be smaller than those upon which the findings of the 
study were based. However, sensitivity analysis revealed that ranking of 

options would be unaltered, with a 9,940-foot runway continuing to yield 
a positive NPV (of $238 million), even under the extreme assumption that 
traffic would cease to grow when average delay exceeded 20 minutes. 


The study also accounted for uncertainty in all underlying assumptions by 
assigning a subjective probability distribution to each assumption and then 
using Monte Carlo simulation techniques to derive a probability distribution 
for the NPV of each option. Monte Carlo simulation allows all underlying 
assumptions to vary from their expected values randomly and simultaneously 
and hence simulates the effect of real-world uncertainty on NPV. In this 
manner, an 80 percent confidence interval was constructed for the NPV 

of each option on the basis of 80 percent confidence intervals assigned to 
each underlying assumption by expert panels. This risk analysis lead to the 
conclusion that for the recommended option “while there is a risk of the net 
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present value falling beneath the expected value of $3.9 billion, there is 
virtually no risk that it will be lower than $2.6 billion; a zero or negative net 
present value is associated with a zero probability.” 29 


The YVR study found the first-year benefit ratio (FYBR) for a 9,940-foot run- 
way to be 195%, well above the 10% discount rate, indicating a new runway 
to be far overdue in economic terms. The FYBR greater than 100% indicates 
that the runway produces net benefits in its first year of operation greater 
than its entire capital cost; this is confirmed by the payback period for the 
runway, reported in the study, of 0.44 years. Although not reported, the 
FYBR of the recommended option — a 9,940-foot runway plus a $25 peak- 
period minimum landing fee — would be slightly greater than 195% because 
the addition of pricing was found to produce small incremental benefits 
from further reductions in congestion in the first year of operation of the 
new runway.?° 


From its FYBR it is possible to calculate the annual cost of overdue runway 
expansion at YVR. By definition, the product of the FYBR (1.95) and the 
present value of the capital cost of a parallel runway ($48 million) gives 

the present value of the net benefit generated by the runway in its first year 
of operation ($93.6 million). The cost associated with overdue runway con- 
struction, as measured by the cost of postponing runway implementation 
by one more year, is the present-valued delay savings foregone in that year 
($93.6 million) less the opportunity cost of capital saved by postponing 
implementation (0.1 x $48 million). The cost of overdue runway construction 
at YVR is therefore approximately $88 million per year. 


The optimal timing of runway construction has to be examined in relation 
to peak-period pricing as well. This can be determined by calculating a 
FYBR using the first-year benefit of a runway given that pricing is already 

in place. This “incremental” first-year benefit of runway construction is the 
first-year benefit of the (runway plus pricing) combination less the first-year 
benefit of pricing alone. The YVR study reported a FYBR of 82% for construc- 
tion of a 9,940-foot runway “with a $100 minimum landing fee in the base 
case.”31 Since the FYBR of 82% far exceeds the discount rate of 10%, runway 
construction at YVR would be overdue even if a $100 peak-period minimum 
landing fee were in place. Hence, the findings of the study indicate that 
even with peak-period pricing, sufficient congestion delay costs would exist 
in 1993 (the assumed year of commissioning of the runway) to outweigh 
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the interest savings on capital that could be achieved by postponing con- 
struction by one year. The need for runway construction at YVR is overdue 
not only because of a lack of peak-period pricing but also because of a lack 
of physical capacity. 


3.3 LESTER B. PEARSON INTERNATIONAL AIRPORT?2 


Scope 


Similar to the case for runway expansion at Vancouver International 
Airport, substantial congestion delays at Pearson suggested the potential 
need for runway expansion there as well. Between 1984 and 1988, there 
was a 33 percent increase in passenger volumes and a 40 percent increase 
in number of aircraft movements per day at Pearson. This rapid growth in 
traffic stemmed both from buoyant economic conditions in Southern Ontario 
and from the emergence of Pearson as Canada’s primary hub for domestic, 
transborder and international flights. 


The growth in traffic strained existing airport capacity and resulted in 
increasing delays beginning in 1987. In response, the Minister of Transport 
introduced an aircraft reservation system and put in place a cap on aircraft 
traffic of 70 movements per hour. Increased air traffic control staffing led 
to an increase in the cap to 76 movements per hour in 1990. 


At the same time, measures for increasing the efficiency of use of the existing 
airside infrastructure at Pearson were investigated. These measures included 
improvements to both infrastructure and operations to maximize the capacity 
of the existing airfield. These changes were expected to increase the hourly 
capacity of the existing runways to 96 movements per hour. Using peak- 
period pricing to shift movements to off-peak hours was found to be largely 
ineffective due to the fairly inelastic demand of most users of the airport. 
Despite their limited potential impact on delay, however, minimum landing 
fees are being introduced at Pearson. 


With these improvements to existing airside capacity, traffic demand could 
be expected to reach 96 movements per hour within five years, leading to 
the re-emergence of severe congestion problems or the need to impose 
further caps on use. These findings led to the conclusion that Pearson 
needed runway expansion. 


ME 


The base case for the benefit-cost study of runway expansion options at 
Pearson included all measures required to optimize the capacity of existing 
runways. These improvements included new taxiways, runway entries/exits, 
air navigation technologies and procedures, and full staffing of the air traffic 
control system. Peak-period pricing was not included in the base case, but 
it was assumed that the cap on runway movements would remain in place 
along with an administrative allocation system for shifting traffic from peak 
times to shoulder times and off-peak times. 


The existing three-runway configuration at Pearson consists of two east-west 
(06-24 direction) parallel runways, and one north-south (15-33 direction) 
runway. The parallel 06-24 runways handle most traffic, but five percent of 
the time wind conditions prevent use of the 06-24 runways, limiting airport 
capacity to the single 15-33 runway. The benefit-cost study of runway expan- 
sion considered nine options for additional runways. Three options specified 
a single additional runway in the 06-24 direction, two options specified 

two additional 06-24 runways, three options specified a single additional 
15-33 runway, and one option specified two additional 06-24 runways plus 
one additional 15-33 runway. The development of alternate airports was not 
considered because the five other airports in the vicinity of Toronto each 
face physical (ground or airspace) or institutional constraints that make 
their expansion infeasible. 


The types of user benefits to 06-24 runway construction examined in the 
Pearson study mirrored those examined in the Vancouver study, and included 
delay cost savings to base-case traffic and consumer surplus gains to traffic 
generated by the new runways in excess of base-case traffic. The types of 
user benefits that were considered for construction of a 15-33 runway were 
more extensive. Such construction would not only alleviate delays caused 
by traffic growth but also the flight diversions and cancellations that are 
currently required during times when wind conditions prevent use of the 
06-24 runways. Reduction of these disruption costs was the primary rationale 
for considering construction of a new runway in the 15-33 direction. Macro- 
economic benefits were not included in the benefit-cost study, but were 
documented in a separate study.*4 


Approach 


To measure the benefits of runway expansion — both delay savings to 
base-case users and consumer surplus benefits to generated users — 
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requires estimates of the reduction in average delay time and the increase 
_ in traffic volume induced by new runways. These estimates in turn require 
forecasting of traffic under base-case and runway expansion conditions, 
and conversion of these traffic forecasts into average delay times under 
base- case and runway expansion capacities. 


As noted in our discussion of the Vancouver benefit-cost study, one 
challenge in forecasting traffic is to model the effect of congestion delay on 
traffic growth. In the Vancouver study two approaches to this problem were 
attempted. Base-case traffic forecasts of aircraft movements were adjusted 
downward to reflect the use of larger aircraft with higher load factors by 
airlines in response to rising delay. Yet even with this adjustment, average 
delay was forecast to rise to high levels in the absence of a new runway, 
reaching 128 minutes by the year 2018. To account for the possibility that 
traffic growth would be severely inhibited by delay before delay reached 
such high levels, a sensitivity analysis assessed the effects of capping traffic 
growth when average delay reached 20 minutes. The effect of both attempts 
to model the effect of delay on traffic growth was to decrease the delay ~ 
savings benefit of runway construction, but to increase generated user 
benefits to runway construction, by creating a gap between base-case and 
runway expansion traffic forecasts. 


In the Pearson benefit-cost study, a more stringent approach was taken to 
modelling the effects of delay on traffic growth than in the Vancouver study. 
The Pearson study assumed that, in the absence of runway construction, 
the airport authority would intervene to cap the hourly flow of aircraft - 
before delay reached high levels. The study assumed not only that base- 
case traffic would be capped at 96 movements per hour, but also that an 
administrative allocation system would be in place to shift traffic demand 
from peak to off-peak or shoulder times. These assumptions were reflected 
in two traffic forecasts: a role-related forecast applied to the runway expan- 
sion options and a constrained forecast applied to the base case. The role- 
related traffic forecast was based on air travel demand forecasts unconstrained 
by delay. The constrained forecast allocated role-related traffic across peak 
and off-peak (or shoulder) times under the constraint that hourly traffic 

not exceed 96 movements per hour. In this manner all role-related ATB (air 
terminal building) and cargo movements were accommodated in the con- 
strained forecast. Some GA (general aviation) movements which represented 
the traffic generated by runway expansion, were not accommodated in 

the constrained forecast. 
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The two traffic forecasts were presented by planning day schedules for the 
years 1996, 2001 and 2011 that represent the averaged hourly aircraft move- 
ments of the seven busiest days in each of the three busiest months of a 
year. Exhibit 4 illustrates the planning day schedules forecast for the year 
2011, and demonstrates how constrained traffic schedules were derived by 
spreading peak-period traffic over off-peak and shoulder times. 


The Pearson study arrived at more conservative estimates of the benefits 
of runway expansion than did the Vancouver study. In the Pearson study, 
average delay in the base case was limited to that produced when the existing 
runways are operating at their maximum hourly capacity (96 movements 
per hour). This contrasts with the Vancouver study, which allowed hourly 
traffic demand to increase above maximum hourly capacity until average 
delay mounted to a maximum tolerable level. The result is that the adminis- 
trative allocation approach assumed in the Pearson study led to less delay 
in the base case, and hence fewer delay savings to runway expansion than 
did the “maximum tolerable delay” approach assumed in the Vancouver 
study. The administrative allocation assumption also produced less gener- 
ated user benefits than the “maximum tolerable delay” assumption since, 
by allocating some peak-period traffic to off-peak periods, it accommodated 
almost all role-related traffic movements.?5 


Hence the Pearson study, by assuming greater intervention on the part of 
the airport authority to limit delay in the absence of runway expansion, took 
a more conservative approach to estimating the benefits of runway expan- 
sion than did the Vancouver study. It could be argued that the Vancouver 
study also allowed for shifting of some users from peak to off-peak times 
by considering the implementation of a peak-period minimum landing 

fee. However, this peak fee resulted in a less extensive shifting of traffic 
away from peak times than did the administrative allocation response to 
congestion assumed in the Pearson study.%6 


Although the assumptions underlying their base-case traffic forecasts differ, 
the Vancouver and Pearson studies used the same method to convert base- 
case and expansion-option traffic forecasts into average delay times. As in 
the Vancouver study, the Pearson study used a discrete simulation model of 
airfield operations to predict the average delay times that would occur under 
the traffic forecasts and capacity conditions specified in the base-case and 
runway expansion options. The constrained planning day schedules were 
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Exhibit 4 
2011 PLANNING Day SCHEDULES 
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Source: Transport Canada, Toronto Lester B. Pearson International Airport Airside 
Development Project, Final Report No. 24, Benefit/Cost Analysis, TP10854E, 
April 1991, p. 43. 


simulated in conjunction with base-case capacity, and the role-related plan- 
ning day schedules were simulated in conjunction with each runway option 
capacity. Average aircraft movement delay was.converted into average pas- 
senger delay by making assumptions about the distribution of aircraft types 
and load factors. Aircraft delays were then valued using aircraft operating 
costs, and passenger delays using a,value for passenger time. The value 

of passenger time was constructed as a weighted average of the value of 
business and leisure travel time. As in the Vancouver study, the average wage 
rate of business travellers was used as an approximation of the market's 
valuation of an hour of work time, and leisure time was valued at 40 percent 
of the value of work time. This resulted in a weighted average value of 
passenger time of $26.33 per passenger-hour, expressed in 1990 dollars. 


The average delay costs produced as such represented planning day delay 
costs for 1996, 2001 and 2011. To produce an estimate of annual delay costs, 
the planning day delay costs were used to estimate an average delay cost 
function using a queuing theory specification that describes the exponential 
relationship between runway movements (in this case movements per day) 
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and average delay cost. This average delay cost function was then applied 
to frequency distributions of base-year and forecast-year daily movements 
to obtain estimates of annual delay costs for the base case and each runway 
expansion option. 


The types of benefits estimated for 15-33 (north-south) runway expansion 
were more extensive than the delay savings and resulting consumer surplus 
benefits estimated for 06-24 (east-west) runway expansion options. This 
reflected the role of an additional 15-33 runway in reducing the cost of 
disruptions that occur when wind conditions prevent use of the 06-24 run- 
ways. Without the 06-24 runways, capacity is currently limited to the single 
15-33 runway; the result is sudden and severe congestion. Depending on 
the time and duration of such weather-induced disruptions, a large number 
of flights can be delayed on the ground, in the air on approach to Pearson, 
or on the ground at other airports. Some flights may be diverted or cancelled. 


Estimation of the benefits of a second 15-33 runway was conducted by 
simulating the effects of a representative “weather incident” on forecast 
planning day schedules. The disruption costs of this representative incident 
were simulated with and without a second 15-33 runway, both in the presence 
of and absence of an additional 06-24 runway. The presence of additional 
06-24 runway capacity affects disruption costs by affecting both the magni- 
tude of forecast traffic and the size of the queue that is allowed to accumu- 
late during the disruption. Disruption costs under each runway scenario 
were then converted to annual disruption costs based on historical data 
indicating the number of hours of weather-mandated 15-33 runway use 
over one year. 


Simulation of a disruption incorporated the capacity rationing rules currently 
used during such incidents that give priority to larger aircraft and longer 
flights; general aviation movements are cancelled or diverted to other airports. 
The costs of cancellation, diversion, overflight and delay were calculated on 
the basis of a model developed by Transport Canada for the evaluation of 
approach aids.?’ Delay costs were estimated on the basis of average queue 
length, with all departure delays assumed to be taken on the ground, one 
third of arrival delays assumed to be taken in the air and the balance taken 
on the ground at another airport. Passenger cancellation costs include delay 
time, additional handling costs and the foregone benefits of travelling for 
passengers who do not reschedule, the latter estimated conservatively to be 
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the amount of their fares. For aircraft, the cost of cancellation is that associ- 
ated with repositioning. Diversion costs are the extra flight time and ground 
transport costs associated with diverting general aviation and piston aircraft 
to nearby airports. Overflight costs are cancellation costs to Pearson-bound 
passengers who do not board aircraft that plan to overfly Pearson to go to 
their next destination. 


As in the Vancouver study, depreciation in property values provided a basis 
for valuing increased noise costs. An empirical relationship between noise 
and property values was established through hedonic regression techni- 
ques which regressed housing sale prices on a range of housing character- 
istics plus a measure of noise exposure, NEF, for a sample of more than 
3,000 observations within an eight-mile radius of Pearson. Dwelling market 
price data by enumeration area were obtained from Census and MLS data, 
along with the natural rate of emigration. The relationship between increased 
noise and increased moves out of the area was determined by estimating a 
dose-response function between those who reported being “highly annoyed” 
by noise and NEF levels. . 


Given these relationships between noise levels, property values and natural 
and noise-induced migration, the study calculated property depreciation, 
moving, householder surplus and increased noise nuisance costs. Property 
depreciation is a factor for all those who move, either naturally or induced 
by increased noise. Moving costs were attributed only to those who moved 
because of noise. Noise-induced movers also suffer consumer surplus losses 
stemming from their attachment to the community or their home. These 
losses were estimated by the difference between the subjective value of a 
dwelling and its market value, obtained by comparing valuations reported 
in Census data and MLS data. Increased noise nuisance costs apply to resi- 
dents who remain in the area, and were estimated to be equal to imputed 
property depreciation. New residents moving into the area were assumed 
not to be affected by noise since the associated costs would already be 
capitalized in the depreciated price they paid for the property. Thus noise 
nuisance costs were assumed to diminish over time. 


Environmental costs other than noise, such as loss of terrestrial and aquatic 


habitat, were not quantified, but were considered in choosing between 
15-33 runway options with marginally differing NPVs, as described below. 
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Findings 

Exhibit 5 presents forecast traffic and simulated average delay under the 
base case and the 06-24 runway expansion options. The base case includes 
nearly all traffic accommodated under runway expansion; generated user 
benefits from 06-24 runway expansion are therefore minimal. However, the 
delay savings induced by 06-24 runway expansion are substantial; runway 
expansion would reduce average delay cost compared to the base case, even 
in the first year of operation. One additional runway would reduce average 
delay by more than half; two additional runways would reduce average 
delay to near zero for the entire study period. 


Exhibit 6 compares the present value benefits of 06-24 runway expansion 
options with their present value capital and operating costs. Noise costs are 
assessed at a later stage of the analysis and shown not to affect the results 
(see below). The figure demonstrates that while the costs of 06-24 runway 
expansion are large (in the range of $200 million per runway), the delay 
savings benefits are larger still, with all runway expansion options producing 
large positive NPVs. The recommended option specifies construction of 
two additional 06-24 runways at a present value cost of $354 million, and 
yields benefits of $1.3 billion for a NPV of $990 million. 


This finding is consistent with those of the Vancouver study, the recommended | 
option of which produced user benefits of $4.0 billion. That an approximate 
doubling of main runway capacity at Vancouver was estimated to produce 
user benefits three times those estimated for an approximate doubling of 
runway Capacity at Pearson may reflect the more conservative benefit 
estimation technique used in the Pearson study. 


Not only were the estimated benefits of runway expansion higher at 
Vancouver, but the capital costs were lower, leading to much higher benefit- 
cost ratios for the recommended option at Vancouver (17.4) than at Pearson 
(3.8) and, also, much higher internal rates of return (76% versus 30%). 


Exhibit 6 also compares the disruption reduction benefits of 15-33 runway 
options to their capital and operating costs. The benefits of an additional 
15-33 runway are apparently not affected by the presence or absence of 
additional 06-24 runways. For both existing and expanded 06-24 runways, 
the two longer 15-33 runway options produce large positive NPVs. 
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Exhibit 5 
DELAY AND TRAFFIC Impacts OF Runway OPTIONS 
A) ANNUAL MOVEMENTS 
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Source: Transport Canada, Toronto Lester B. Pearson International Airport Airside 
Development Project, Final Report No. 24, Benefit/Cost Analysis, TP10854E, 
April 1991, p. 65. 
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Exhibit 6 | 
Benerit-Cost ANALYSIS: RESULTS SUMMARY 
(PRESENT VALUE — MILLIONS OF 1990 $) 


1.1.1(a) 1.3.3(a) 
, , +4.4 
Benefits | 
to existing users 854.8 7124 937.6 1,329.2 1,244.3 
to new users 6.8 3.6 8.8 15.1 15.0 


Costs 
Capital 181.0 146.4 206.5 326.7 386.3 
O&M 14.2 12.6 1.2 26.8 23.8 
Net benefits 

(benefits less costs) 556.7 728.7 990.6 


Existing | Expanded} Existing | Expanded| Existing | Expanded 
06-24 06-24 06-24 06-24 06-24 06-24 
Benefits 
Reduced 
disruption 159.5 16357. 279.4 274.1 395.4 410.3 
Costs 
Capital 149.0 149.0 157.2 156.8 257.6 257.6 
O&M 13.4 13,1 TY es Da 19.4 19.4 


Net benefits 

(benefits less 

costs) : 1.6 110.6 105.6 118.4 133:3 
Benefit-cost 

ratio ; : 1.66 1.63 1.43 1.48 
Internal rate 

of return % : 16.4 16.1 14.6 15.3 


Source: Transport Canada, Toronto Lester B. Pearson International Airport Airside 
Development Project, Final Report No. 24 Benefit/Cost Analysis, TP10854E, April 


1991, pp. 69, 103. 


Although these NPVs are not as large as those obtained for the 06-24 run- 
way options, they nonetheless provide justification for construction of a | 
15-33 runway. The 15-33 option with the greatest NPV, option 3.2.1, was not 
recommended, however, due to environmental considerations that had 

not been quantified. Option 3.2.1 would require extensive fill within the 
Etobicoke/Spring Creek ravine, resulting in a much higher loss of terrestrial 
and aquatic habitat than would Option 3.1.2. Option 3.2.1 would also expose 
new areas to noise while Option 3.1.2. would not. For these reasons, the 
option with the second highest NPV, Option 3.1.2, was recommended. 

The choice of Option 3.1.2 over Option 3.2.1 leads to a loss in NPV, and an 
implicit valuation of environmental costs of approximately $30 million. 


Noise costs were modelled for the recommended 06-24 and 15-33 runway 
options. Noise nuisance cost to remaining householders was found to be 
the largest noise cost component, accounting for approximately 65% of total 
noise cost. Total incremental noise cost amounted to only $5.1 million for 
the addition of an 06-24 runway and was negligible for the addition of a 
15-33 runway. The inclusion of noise costs in the benefit-cost analysis had 
an insignificant effect on benefit-cost results, reducing the NPV of the recom- 
mended 06-24 option by only 0.5%. Variation in the cutoff level of noise 
exposure indicated noise costs to be two orders of magnitude less than the 
net benefits of runway expansion, regardless of the noise cutoff used. 


Sensitivity analysis was performed to test the impacts of changes in many 
key assumptions underlying forecasts of 06-24 and 15-33 runway benefits 
and noise costs. Variation of model parameters within reasonable limits 
was found not to affect study results. Reasonable reductions in aircraft 
operating costs or the value of passenger time were shown to have no 
significant effect on the economic attractiveness of the preferred options; 
even if no value were attached to passenger time, the NPVs of the preferred 
options would be positive. For the 06-24 option, a cap on base-case traffic 
growth at 1996 levels was also investigated as an extreme reaction to delay; 
even under this assumption, sufficient delay cost savings would exist to 
justify two additional 06-24 runways. In the case of 15-33 runway expansion, 
the key variable was the amount of time during which weather conditions 
confine traffic to the 15-33 runways. A study of weather data indicated that 
such conditions occur 4.7% of the time. However, an additional 15-33 runway 
was shown to break even if only needed 2.9% of the time. 
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Delaying implementation of the recommended 06-24 runway option by 
one year was found to decrease its NPV by $40 million. This large cost of 
delaying runway implementation is consistent with the $45 million cost of 
a one-year delay calculated above for Vancouver and reflects the high cost 
incurred in running a congested airport. A first-year benefit ratio (FYBR) for 
the recommended Pearson runway expansion options can be calculated by 
dividing the (present-valued) first-year net benefit by the (present-valued) 
capital cost of expansion. For the recommended 06-24 runway option this 
yields a FYBR of 23.2% (76/327). This FYBR greater than the discount rate 
(10%) indicates that 06-24 runway expansion is overdue, although not as 
overdue as runway expansion at Vancouver, with a FYBR of 82%. Inclusion of 
administrative allocation in the base case of the Pearson study ensures that 
06-24 runway expansion is overdue because of a lack of capacity, not a lack 
of use of existing capacity. The FYBR for the recommended 15-33 runway 
option is 11.2% (17.5/156.8), indicating that current timing of 15-33 runway 
expansion is close to optimal. 


4. THE AIRPORT PRICING PROBLEM 


Having discussed the conditions governing the efficient level of capacity, 
we now turn to the question of the efficient use of a given level of capacity. 
The following section presents the theoretical solution to this short-run 
planning problem and a translation of that solution into requirements for 

an efficient short-run utilization policy. Several short-run policies are evalu- 
ated according to their ability to meet efficiency requirements ranging from 
administrative allocation to social marginal cost pricing. Finally, we review 
the current pricing practices at Canadian airports and evaluate the proposed 
cost-recovery policies of Transport Canada from the standpoint of economic 
efficiency. 


4.1 THEORETICAL PRINCIPLES 


Given a fixed level of capacity, airport planners must find the solution to 
two problems: determining the level of use of the fixed capacity, and allo- » 
cating this level of utilization among users. Efficient use and allocation are 
determined by the trade-off between users’ valuations of using the facility 
and the social cost of usage. 
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Exhibit 7 illustrates the short-run planning problem. For some fixed facility 
size, the x-axis indicates the level of utilization in movements per hour. The 
demand curve (D) represents aircraft operators’ demand for usage of the 
facility and is derived from the demand for air transportation.3° The demand 
curve plots users’ valuations of using the facility (their willingness to pay 
for usage) in descending order. The demand curve is therefore the marginal 
valuation curve of users as a group: for any level of use the demand curve 
indicates the valuation of the marginal user (the user who values facility 
usage least) under the assumption that facility usage is allocated to users in 
the order of their valuations, with the user who values usage of the facility 
most (the “high-valued” user) allocated usage first. As use increases, the 
valuation of the marginal user falls and, hence, the demand curve slopes 
downward. Assuming that users are the only beneficiaries of airport use,*9 
the demand curve is not only the users’ marginal valuation curve but also the 
social marginal benefit (SMB) curve: at each level of facility use, the demand 
curve plots the benefit to society of increasing use by a small increment. 


We now turn from the social marginal benefits of expanding facility use to 
the social marginal costs. The costs relevant to determining the efficient use 
of fixed airport resources are all social costs that vary with airport usage, 
including aircraft operating costs, passenger-time costs, airport operation 
costs and externality costs (such as noise costs). When considering marginal 
user costs, it is important to distinguish between costs that are borne by the 
marginal user and costs that the marginal user imposes on other users. The 
former are termed private marginal costs (PMC) and the latter, which arise 
from the increased congestion that an additional user imposes on all other 
users, are termed marginal congestion costs. The sum of private marginal 
cost and marginal congestion cost is termed users’ social marginal cost 
(USMC), where “social” in this case denotes costs borne by all users. 


As use is expanded from zero to Q, there is no congestion and the private 
marginal cost (PMC) is constant at MC, (see Exhibit 7). All users are able to 
pass through the facility at the maximum speed technologically possible, 
making the private cost of operating an additional aircraft the same as that 
of operating all previous aircraft.*° Since PMC is constant, MC, also equals 
users’ social average cost (USAC) in the absence of congestion. When use 
expands beyond QO, movements per hour, the facility becomes congested, 
and the magnitude of congestion increases as the number of movements 
per hour increases. 
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Exhibit 7 
Social MARGINAL BENEFITS AND Costs oF Faciity Use 


$ 


SMC 


USMC 


‘PMC = USAC 


Movements/hour 


Social AND Private Optimum UTILIZATION LEVELS 


$ 


SMC 


SMC(Q*) 


MC, PMC = USAC 


MC, 


Movements/hour 


Congestion affects all users equally: for a given level of utilization, all users _ 
experience the same level of congestion. The congestion cost borne by 

each user, when added to users’ average operating cost without congestion 
(MC;), is termed users’ social average cost (USAC). Since the marginal 

user bears the same congestion cost as each other user, PMC equals 

USAC. Also, seeing that marginal users bear only the average, not the total, 
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increase in delay cost resulting from their usage, PMC is less than the cost 
to all users of marginal usage (USMC). If marginal users were to withdraw 
from the facility, the cost savings would include not only the operating and 
congestion costs borne by marginal users (USAC) but also the congestion 
cost that marginal users impose on all other users. Under congested condi- 
tions, the full cost to users of a marginal increase in use (USMC) is therefore 
greater than the cost to marginal users (PMC) and, hence, the USMC curve 
lies above the PMC curve over the congested range of use greater than Q,, 
and coincides with PMC for use less than Q,. 


The concept of social marginal cost of expanding use can be widened to 
include costs that vary with use other than those directly borne by users. 
These non-user marginal costs include marginal airport operation costs 
(such as air traffic control and runway resurfacing) and marginal externality 
costs (such as noise costs). These costs to non-users of marginally increas- 
ing facility use are assumed to be constant at all levels.of utilization and 
equal to MC, - MC, in Exhibit 7. The social marginal cost (SMC) curve is 
obtained by shifting the users’ social marginal cost (USMC) curve upward 
by an amount equal to MC, - MC,. The SMC curve plots the full social cost 
of increasing facility use by one movement per hour at each level of utiliza- 
tion; this social marginal cost includes the operating and passenger time 
costs of marginal users, the marginal congestion cost imposed by marginal 
users on all other users, the marginal airport operating cost of serving 
marginal users, and the marginal noise and other externality costs imposed 
by marginal users. 


The efficient level and allocation of facility use are determined by the facility’s 
social marginal cost (SMC) curve and social marginal benefit (demand) 
curve. The efficient level and allocation of use is that which maximizes net 
social benefits. Net social benefits are maximized when use is maximized 
subject to the constraint that no user value usage of the facility less than 
the facility’s social marginal cost. This constraint is satisfied when marginal 
users (those who value usage least) value usage no less than the social 
marginal cost of serving them. Maximizing use subject to this constraint 
means expanding use in a manner that allocates usage to users in order 

_ of their valuations until the marginal users’ valuation (and hence the SMB) 
equals the social marginal cost. Graphically, this solution is also represented 
in Exhibit 7 by the intersection of the demand curve with the SMC curve at 
utilization level Q* and social marginal cost level SMC(Q*). 
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Note that congestion is not eliminated at the efficient level of facility use, Q*. 
The objective of maximizing net social benefits does not imply eliminating 
congestion, but rather expanding facility use until the social marginal cost 
of expansion (which is driven upward by increased congestion) exceeds 
the valuation of marginal users. Hence, the efficient level of use is not the 
no-congestion level, O,, but rather Q*, which represents the optimal level 
of congestion. Note also that the efficient level of use, Q*, is not the level of 
use that would arise in the absence of intervention by the airport authority. 


New users have an incentive to enter the facility as long as their marginal 
valuations of usage exceed their private marginal costs. Hence, in the absence 
of regulation, facility use would expand beyond its socially optimal level to 
the private equilibrium level, Q,. At Q, social marginal cost exceeds social 
marginal benefit by a wide margin; the magnitude of the welfare loss (the 
loss of NSB) of operating at Q, rather than at Q, is depicted by the shaded 
area in Exhibit 7. This welfare loss under unregulated conditions represents 
a “market failure” that results from the significant external costs (particu- 
larly congestion) that are generated by use of the facility that are not borne 
by users. Attainment of socially optimum facility use requires intervention 
by the airport authority, either through utilization restrictions or through uti- 
lization pricing that shifts the social marginal cost of utilization to the users. 


The optimal short-run policy is one that uses the facility at the flow rate 
of O* and restricts use to users who value usage greater than SMC(Q*). 
In procedural terms, the implementation of such a policy requires the 
following steps: 


« Allocate usage of the facility to users in order of their valuation of usage, 
giving priority to high-valued users. 


¢ Continue to expand usage until the valuation of the next prospective user 
is less than the social marginal cost of expanding usage. 


The first step requires that use of the facility be rationed efficiently among 
users, regardless of the overall level of utilization. The second step requires 
that the level of utilization be the efficient level, where the marginal valuation 
of usage equals the social marginal cost of usage. 


4.2 CAPACITY ALLOCATION OPTIONS 


Administrative Allocation 


A common method of managing fixed airport capacity is through the use of 
traffic quotas set by airport authorities. Typically, a scheduling committee 
made up of individual airlines allocates the pre-set traffic quota among 
carriers in the form of slots and timetables which jointly satisfy the traffic 
quota.*’ This quota/slot allocation method has been used at a number of 
major Canadian and American airports, as well as at many airports in 
Europe and Asia. 


Whether such an administrative method of allocating use can ration a traffic 
quota efficiently (giving priority to high-valued users) is open to question. 

A fundamental obstacle to efficient allocation is the inability of the airport 
authority to know the valuations of potential users of the facility and, hence, 
the inability unilaterally to allocate the quota in a manner that gives priority 
to those users who value usage the most. Incentive problems preclude the 
airport authority from simply asking each user his or her valuation since 
each user has an incentive to over-report in an attempt to receive a larger 
allocation. Rules for estimating the valuations of individual users are also 
fallible. For example, 


under the current scheduling committee system it is quite possible to 
prescribe a rule under which a charter jet, filled with tourists who are 
indifferent between landing at 5:00 pm or 8:00 pm, obtains a 5:00 pm 
peak hour slot, while a CEO of a large local company, travelling by 
small private aircraft, has his/her flight delayed for three hours, thus 
missing an opportunity to close a deal which would have brought 
substantial employment to the community. Although this person may 
have valued the 5:00 pm landing slot higher than the charter flight, 

a scheduling committee has no way of telling that.42 


A more pervasive problem results from low-valued, general aviation flights 
delaying large, high-valued commercial flights. Inefficient quota allocation 
occurs because there are usually separate traffic quotas for general aviation 
and commercial traffic, and the slots for general aviation operations are allo- 
cated on a first-come-first-served reservation basis. Under such a system, 
general aviation flights are allocated slots in a manner that does not take 
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account of their valuations of those slots in comparison to other general 
aviation flights, nor in comparison to commercial flights. 


Assuming that some mechanism can be found to incorporate general 
aviation into the slot allocation system in such a manner that slots can be 
allocated to all flights — general aviation or commercial — on the basis of 
their valuations, there remains the problem of designing an administrative 
allocation system that can identify and assign priority to high-valued users. 
Since users will not reveal their valuations without sufficient incentive, such 
an allocation must place users in a situation which induces low-valued users 
to reveal their low valuations through their willingness to be compensated 
for relinquishing their claims to slots. Conversely, high-valued users can be 
identified by their willingness to pay for slots. Hence, in general, users can 
be induced to allocate a traffic quota efficiently among themselves through 
a competitive mechanism which requires high-valued users to compensate 
low-valued users for the right to use peak-period slots. 


It can be argued that the bargaining process inherent in a scheduling com- 
mittee allocation system is a competitive mechanism that can achieve an 
efficient allocation of a traffic quota. The competitive nature of the bargaining 
process requires each airline to make concessions with respect to the num- 
ber of flights that it will operate during peak periods. Each airline will con- 
cede its low-valued flights in order to retain its high-valued flights. Under 
certain conditions, such a bargaining process is likely to produce an efficient 
allocation of the traffic quota. The conditions are that the number of airlines 
be small, their valuation distributions similar, and each airline know the 
cost and demand conditions of the others.*? As the number of airlines increases 
and airlines with differing valuations are introduced, the outcome of the 
bargaining process becomes less predictable, and it is uncertain whether 

a bargaining process alone will reach the efficient allocation. However, 
assuming that the airlines are able to make side payments (pay monetary 
compensation to each other), the traffic quota is likely to be allocated 
efficiently. 


In addition to the requirement for efficient allocation, efficient use of fixed 
capacity requires that the quota itself be set at the efficient level, so that the 
social marginal benefit and social marginal cost of facility use are equal. As 
the discussion of bargaining has indicated, it may be possible for the airport 
authority, without knowing users’ valuations of airport usage, to design an 
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administrative mechanism that rations a given traffic quota efficiently. It is, 
however, impossible for the airport authority to ensure that the quota is set 
at the efficient level without knowing the valuation of marginal users under 
the quota. 


As illustrated in Exhibit 8, if the authority sets the traffic quota at Q2 move- 
ments per hour, and the Q, movements are rationed efficiently, there will 
still be a welfare loss equal to the shaded triangle compared to the efficient 
quota level O*. This is because, for a traffic quota of Q,, the marginal users’ 
valuation of using the facility is greater than the marginal social cost. The 
result is that there are (Q* - Q,) users not using the facility who value usage 
more than the marginal social cost (including the cost of the extra congestion 
that they impose on other users) of serving them; hence, the traffic quota 
should be expanded. But if the airport authority does not know the valuation 
of the marginal user, the authority does not know to expand the quota. 


Hence, although slot allocation systems based on bargaining among users 
may allocate a fixed traffic quota efficiently, the airport authority’s inability 
to observe the marginal user’s valuation of usage precludes the adjustment 
of the quota to its efficient level. The result is that administrative methods 
may meet the first requirement for efficient use of fixed capacity (that a 
given level of use be allocated efficiently among users), but are unlikely 

to meet the second requirement (that utilization be set at the efficient level). 
Under these circumstances, the magnitude of the welfare loss will depend 
upon the airport authority's ability to estimate users’ aggregate demand 
curve, and thereby the optimal traffic quota, Q*. If, instead of estimating Q*, 
the airport authority follows a policy of setting the traffic quota at the level 
where there is no congestion, Q,, then a welfare loss is certain to ensue. 


In addition to the uncertainties surrounding the efficiency with which it uses 
fixed airport capacity, an administrative allocation system may raise anti- 
competitive and cost-recovery concerns. Incumbent airlines have an incen- 
tive to resist the expansion of traffic quota if it will mean the admission of 
new airlines to the allocation process. If, for example, the airport authority 
seeks to expand the traffic quota beyond Q, while simultaneously admitting 
new airlines to the allocation process, the authority may be criticized by 
incumbent airlines on the grounds that the expansion of quota would lead 
to an increase in congestion greater than the benefits of increased usage. 
The criticism would be well-founded from the incumbents’ point of view, 
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but invalid from the point of view of social benefits. Hence, administrative 
allocation systems require an explicit mechanism for including potential 
entrants in the allocation process to prevent the system from becoming 

a barrier to entry. 


Exhibit 8 
AN INEFFICIENT QuoTA 


$ 


SMC 


Q,Q, a* Q, 


Movements/hour 


ADJUSTMENT OF Quota To ITS EFFICIENT LEVEL 


Movements/hour 


Slot Lottery or Auction 


The problem of efficient administrative allocation can be solved by replacing 
the bargaining mechanism with an explicit market in which users buy and 
sell peak-period slots. Since in order to sell slots, users must be given prop- 
erty rights over slots, this raises the question of how property rights over 
slots are to be assigned initially. 


Incumbent airlines may argue that, in view of their substantial investments 
in existing facilities, slot rights should be assigned on the basis of existing 
usage patterns. However, ceding slot rights to incumbent carriers raises the 
same competitive concerns that arise under administrative allocation. In 
fact, anti-competitive tendencies may be strengthened under a system that 
gives slot rights to users: an incumbent airline, for strategic reasons, may 
not be willing to sell slot rights to an entrant airline, even if the entrant is 
willing to pay more than the incumbent's valuation of the slot. 


A system that assigns slot rights on some basis other than current usage 
could prevent anti-competitive activities. Rights could be assigned randomly — 
through a periodic slot lottery conducted by the airport authority. Following 
a lottery, slots could be bought and sold among airlines, but the ownership 
of rights would not extend past the next lottery date. However, slot lotteries 
raise new equity concerns: the lottery system could assign windfall gains to 
low-valued entrants who could sell their lottery-won rights to high-valued 
incumbents. The possibility of windfall gains requires that safeguards, such 
as a registration fee, be built into the lottery system to deter illegitimate 
entrants. While providing windfall gains to some users, slot lotteries in their 
pure form would not provide revenue to the airport operator for cost recovery. 


With a market, rather than a bargaining, mechanism to allocate a traffic quota, 
there is much greater certainty that efficient allocation will occur. The market 
mechanism would ensure that the traffic quota, once assigned by the lottery, 
would be redistributed among users on the basis of willingness to pay, 
since low-valued users would always be willing to sell slots to high-valued 
users. Furthermore, the periodic re-assignment of rights through lotteries 
would act as a deterrent to strategic behaviour by low-valued incumbent users. 


The problem of setting the traffic quota at its efficient level would still 


remain since the airport authority must determine the level of the traffic 
quota to know how many slots to assign in the lottery. The market 
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mechanism for rationing would, however, provide the airport authority with 
a clearer signal for adjusting the quota towards its optimal level than does 
the bargaining mechanism. The market clearing price for slots should be a 
good estimator of the valuation of the marginal user.“4 If the airport authority 
is able to observe this market clearing price — perhaps by acting as a mar- 
ket maker — then the authority could use this information to adjust the 
traffic quota in the direction of its optimal level at the next lottery. 


Such an adjustment process is illustrated in Exhibit 8. The airport authority 
initially lotteries a quota of Q,, and from the re-sale market for slots observes 
a marginal valuation of MV,. The authority then calculates the level of quota 
at which social marginal cost equals MV,, Q,, and sets the quota at QO, at the 
next lottery.*° After that lottery, the authority observes a marginal valuation, 
MV,, and sets the quota for the following lottery at Q,. This process continues, 
the airport authority using revealed marginal valuations to adjust the quota 
in the direction of Its efficient level, Q*. Following the cobweb path shown 
in Exhibit 8, it is evident that the quota converges to Q*.*6 


Use of this algorithm for adjusting quota to its efficient level does not 
require the airport authority to know users’ entire demand curve, but rather 
only to measure users’ marginal valuation at a given quota by observing 
the market price of slot rights. Hence the algorithm, although presented 
here for the case of unshifting demand, should be robust to intertemporal 
shifts in demand. The algorithm’s reliance on the market price as a measure 
of users’ marginal valuation is, however, potentially fallible. Each user has 
an incentive to drive the quota above its socially optimal level, Q*, to its 
privately optimal level, Q,. To this end, users can potentially manipulate the 
quota adjustment mechanism by inflating the market price above its real 
level and paying unobservable refunds on the side. Therefore, although the 
use of a slot lottery system with a re-sale market provides a more efficient 
allocation of quota and a clearer signal for adjusting quota than does admin- 
istrative allocation, there may still be incentive problems in measuring 
users’ marginal valuation. 


The equity and cost-recovery problems associated with random allocation 
of traffic quota can be overcome by replacing the slot lottery with a periodic 
auction of slots. The auction mechanism would allow an initial allocation of 
slots on the basis of users’ willingness to pay, and hence would avoid equity 
problems. Allowing post-auction trading of slot rights would compensate 
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for any allocative imperfections in the auction mechanism (such as those - 
stemming from the dynamic nature of the auction process), ensuring that 
the final allocation is efficient. The proceeds of the auction would go to the 
airport authority, not to the windfall gainers, and could be used for cost 
recovery. 


Although a system of slot auctions with a re-sale market would allocate a 
given traffic quota as efficiently as any other allocative mechanism with 

a re-sale market, the problem of determining the efficient level of quota 
remains. Under a slot auction system, the process of adjusting quota to its 
efficient level is complicated by the presence of two signals of users’ marginal 
valuation: the minimum winning bid in the auction and the market price in 
the re-sale market. 


SMC Pricing 


Each of the short-run facility use policies examined thus far — administra- 
tive allocation, slot lottery and slot auction — allocate a given traffic quota 
efficiently to differing extents, thus satisfying the first condition for efficient 
facility use. However, they all have a problem with satisfying the second 
condition since they all have to measure users’ marginal valuations to 
determine the efficient level at which to set the traffic quota. This stems 
from the very nature of allocation systems that rely on quantity methods to 
control use by limiting use to a specified number of movements per hour. 
The alternative is to control use by setting a minimum marginal valuation, 
rather than a maximum utilization level. This is achieved simply by setting a 
price for usage and then letting any user who is willing to pay the price use 
the facility. Each price induces a unique level of use by users, as specified 
by the demand curve. Hence, the airport authority can control use at least 
as effectively by controlling the price that users pay for utilization as by 
controlling the level of use. 


The immediate benefit of using price, rather than quantity control, is that 
the first condition for efficient use — that of allocating usage to users in 

the order of their valuations — is satisfied with certainty. This is because the 
price control acts as a rationing mechanism which induces low-valued users 
to sort themselves from high-valued users: for any given price only those 
users who value usage more than the price will be willing to pay and hence 
use the facility. Price control is more certain to achieve efficient allocation 
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than are the other mechanisms considered thus far because the other 
mechanisms can initially produce inefficient allocations and, hence, must 
rely on re-sale markets to ensure efficient final allocation. Such re-sale mar- 
kets, since they depend on trade among users to ensure allocation on the 
basis of willingness to pay, are prone to high transaction costs, imperfect 
information and strategic behaviour. By contrast, controlling use through 
pricing, because it puts a limit on user valuation rather than on use, always 
produces an efficient allocation: each user who values usage more than the 
price is guaranteed usage. 


The problem is then to set the price at its efficient level, that is, the level 
that satisfies the second condition for efficient use. The efficient price is that 
which produces a level of use at which the social marginal benefit equals 
the social marginal cost, that is, the level Q* shown earlier in Exhibit 7. Hence 
the efficient price is SMC(Q*); a price set at SMC(Q*) is efficient because it 
imposes on each user the full social cost of marginal usage. This internaliza- 
tion of the user’s congestion cost corrects the market failure (the divergence 
of social and private optimum) that occurs when users pay only their private 
marginal costs, and produces an equilibrium that is socially, rather than 
privately, optimal. ) 


In order to make users pay the price, SMC(Q*), for facility usage, it is not 
necessary to charge a user fee or toll equal to SMC(QO*), since the user already 
pays the private marginal cost, PMC(Q*), to use the facility. It is only neces- 
Sary to impose a toll of SMC(Q*) - PMC(Q*) to cause the users to internalize 
the social marginal cost of usage. Since private marginal cost is the same 
for all users and therefore equals users’ social average cost (USAC), the 
optimal toll can be restated as SMC(Q*) - USAC(Q*), the social marginal 
cost less average user cost at the optimal level of utilization. 


However, since the airport authority does not know the demand curve, only 
the cost curves, SMC(Q*) is not known and must be found through an itera- 
tive process analogous to that used to adjust the traffic quota. This algorithm 
for adjusting the user toll to its optimal level is encapsulated by the policy 
of continually setting the toll equal to SMC(Q) - USAC(Q), regardless of the 
utilization level (Q) that currently exists. Such a policy is known as social 
marginal cost pricing (SMC pricing). Convergence of the user toll to its opti- 
mal level under social marginal cost pricing can easily be demonstrated. 
Assume that facility usage is initially set at the maximum no-congestion 
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level, O,. Social marginal cost pricing dictates initially setting a user toll 
equal to SMC(Q,) - USAC(Q,), which effectively shifts users’ average cost 
curve, USAC curve, (and hence their PMC curve) upward by SMC(Q,) - 
USAC(Q,). In response, users will increase use to the private optimal level 
O,1, where the new PMC curve intersects the demand curve. If the airport 
authority then resets the toll to SMC(Q,;) - USAC(Q,,), users will respond 
by decreasing use to the new private optimum level Qo. The algorithm con- 
tinues, with the airport authority using the users’ quantity response as the 
basis for setting new SMC prices, until O,, converges to O* and the toll 
converges to its optimal level, SMC(Q*) - USAC(Q*). 


The SMC pricing policy that forms the basis of this algorithm requires only 
knowledge of the facility’s social and private marginal cost curves, not the 
demand curve. The algorithm does not require observation of users’ margI- 
nal valuation because the trial prices used in the algorithm are essentially 
trial marginal valuations. The algorithm adjusts marginal valuation to its 
optimum level by observing quantity responses, rather than adjusting: 
quantity to its optimum level by attempting to observe marginal valuation 
responses. The robustness of this price adjustment algorithm, in comparison 
to quota adjustment algorithms, is that it does not require the airport 
authority to observe an intangible quantity (users’ marginal valuation in 
response to trial quotas), but rather only a tangible one (the level of usage 
in response to each trial price). 


Thus far, the analysis of facility use has assumed a static demand curve. 
Introduction of differing levels of demand by time of day, season and calen- 
dar year is needed to model more closely the fluctuating, peak-load nature 
of demand that the airport planner faces. SMC pricing implies optimal user 
tolls that vary with the level of demand. A shift in the demand curve neces- 
sarily leads to a change in the socially optimal level of facility use (where 
the demand curve intersects the SMC curve), and hence a change in the 
optimal toll. For example, an increase in the level of demand leads to an 
increase in the socially optimal level of use, but, at that new level of use, 
marginal congestion cost is greater and consequently a higher toll is required 
to ensure that usage remains limited to those users who are willing to pay 
the social cost of their usage. In this manner, a policy of social marginal 
cost pricing recognizes the social justification for allowing congestion to 
increase when users’ valuations of usage increase, but limits the increase in 
congestion to that justified by users’ increased willingness to pay. Hence, 
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SMC pricing dictates higher tolls when demand is high and lower tolls when 
demand is low. The implication for practical application of SMC pricing is 
that tolls should be higher during peak periods and peak seasons than 
during off-peak periods and seasons and also, that tolls should rise over 
the lifetime of a facility as demand increases. 


4.3 PRICING POLICIES IN ACTION 


As demonstrated, social marginal cost (SMC) pricing is the most efficient 
mechanism for regulating use of fixed airport facilities, since it ensures that 
usage is allocated only to those who value usage (in terms of their willingness 
to pay) at least as much as the social marginal cost of their usage. Charging 
a user social marginal cost means charging the user those social costs that 
would be avoided if the user did not use the facility. As applied to landing 
fees, SMC pricing therefore comprises three elements: the marginal airport 
operating cost of serving an aircraft, the marginal noise cost that the aircraft 
generates and the marginal congestion (delay) cost that the aircraft imposes 
on other aircraft. 


The pattern of landing fees across aircraft types and time periods dictated 
by SMC pricing results from the relative magnitudes and variation by aircraft 
type and time period of each of the three elements of social marginal cost. 
Analysis of social marginal costs at Pearson International Airport indicates 
that marginal airport operating cost is small relative to the other two social 
marginal cost elements and is relatively constant (in the range of $5-$10) 
across aircraft types and time periods. Marginal noise cost varies by aircraft 
type (in the range $25-$200) and may vary to a lesser extent by time of day. 
Marginal congestion cost varies primarily by time of day (and season), and 
to a lesser extent by aircraft type, with large congestion costs (in the range 
$130-$220) during peak times and negligible congestion costs during off- 
peak times. Marginal congestion costs for light aircraft are almost as high 
as those for heavy aircraft, because a light aircraft occupies a runway for 
almost as long as a heavy aircraft, and the opportunity cost of a minute 

of runway time during a congested period is the same for all aircraft. The 
opportunity cost of runway time is high during a congested period because 
it factors in the high cost of delaying a heavy aircraft. 


For congested airports, SMC pricing therefore implies a regime of landing 
fees characterized by a base fee equal to marginal airport operating 
and noise cost that applies during all times and varies by aircraft type, 
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supplemented by an additional marginal congestion cost fee during peak 
times (and seasons) that varies somewhat by aircraft type. From the point 
of view of alleviating airport congestion, the key feature of SMC pricing is 
the large fee differential between peak and off-peak use for all aircraft. 


Efficient allocation of airport resources is not the sole objective of govern- 
ment policy. As discussed earlier in this report, Transport Canada’s proposed 
cost- recovery policy for airports sets the goal of recovering airport capital 
and operating costs. Under a cost-recovery constraint, an airport pricing 
system performs the dual role of allocating airport resources efficiently and 
generating the revenue required to recover airport capital and operating 
costs. Social marginal cost pricing automatically recovers airport operating 
costs because they are a social cost that varies with marginal airport use. 
Because SMC pricing deals with the problem of allocating airport resources 
efficiently in the short run — that is, given a fixed level of airport capacity — 
it does not charge users directly for the capital costs incurred in providing 
capacity.*” Rather, users are charged marginal congestion cost, which varies 
with the level of traffic. Under SMC pricing, the airport authority must look 
to the revenue from congestion (peak-period) charges to recover capital 
costs and fund capacity expansion.*® 


The issue of whether the revenue generated from SMC pricing is in general 
sufficient to cover the cost of capacity investment has been examined from 
a theoretical perspective. The cost-recovery theorem developed by Mohring 
and Harwitz (1962, 1970) proves that, under certain conditions, the revenue 
generated by optimal congestion tolls will exactly equal the capital cost 
incurred by optimally timed investment.*9 These conditions are that capacity 
expansion be perfectly divisible, and characterized by constant returns to 
scale. Since airport terminal and runway capacity investments are typically 
highly indivisible (lumpy), there is no theoretical guarantee that, in general, 
the revenue generated by SMC pricing will exactly cover airport operating 
and capital costs. Depending on the level of congestion of an airport, 

the revenue from congestion fees may under-recover, exactly recover or 
over-recover capital cost. 


Whether the revenue from marginal congestion cost fees is sufficient to 

offset capital costs clearly depends on the level of congestion at an airport. 
However, to determine whether capital costs will be recovered at a particu- 
lar airport, it is not sufficient to compare annualized capital cost to the level 
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of congestion fees in a single year, since the level of congestion, and hence 
the annual revenue from congestion fees, rises as traffic demand grows 
over time. Once the level of congestion reaches a critical level (when annual 
congestion fee revenue exceeds the opportunity (interest) cost of expansion 
capital), capacity expansion is justified; with expanded capacity, the level 
congestion and congestion fees returns to a low level. As Oum and Zhang 
(1990) have pointed out, whether the total revenue from congestion fees 
over an investment cycle (the time between initial and subsequent capacity 
expansion) is sufficient to recover capital cost depends on the time path of 
traffic demand growth.°° For a given average demand growth rate, capital 
costs are more likely to be recovered if demand (and hence congestion) 
grows rapidly at the beginning of the investment cycle and then levels off, 
than if demand grows slowly at the beginning of the investment cycle and 
rapidly at the end. 


Using a simulation model with demand and capacity parameters at Pearson 
International Airport, and assuming an average annual demand growth rate 
of 3.5 percent, Oum and Zhang found that the revenue from marginal con- 
gestion fees recovered capital costs, regardless of the time path of traffic 
growth. For an initial capacity of two runways, even the most pessimistic 
assumption regarding the pattern of traffic growth (slow growth in traffic 

in early years followed by acceleration in later years of the cycle) leads to 
(bare) cost recovery, generating a cost-recovery ratio of 1.01. More opti- 
mistic assumptions regarding the pattern of traffic growth generated finan- 
cial surpluses, with cost-recovery ratios in the range 1.1 to 1.3. They also 
found that the cost-recovery ratio increased with the level of initial capacity, 
ranging as high as 2.3 for an initial capacity of four runways. The positive 
relationship between airport capacity and cost recovery of capacity incre- 
ments is attributed to the fact that, at larger airports, capacity increments 
represent smaller percentage increments in capacity. With capacity expansion 
less lumpy in percentage terms, traffic grows sufficiently for congestion 

to re-emerge sooner after capacity expansion at larger airports than at 
smaller airports, with the result that larger airports generate congestion 

fee revenue sufficient to recover capacity expansion costs more rapidly 
than do smaller airports. 


The implication of Oum and Zhang's findings is that for major airports with 


demand and capacity conditions analogous to those at Pearson, SMC pricing 
is likely to recover airport capital as well as operating costs. However, this 
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finding is not applicable to significantly smaller airports where the relative 
lumpiness of capacity expansion and/or slow demand growth make cost 
recovery through congestion fees unlikely. Therefore, the conclusion is that 
marginal congestion cost peak fees, and hence SMC pricing, are likely to 
recover capital costs at large, congested airports, but unlikely to recover 
capital costs at small or uncongested airports. 


Where SMC pricing does not recover costs, but cost-recovery is required, it 
is necessary to diverge from SMC prices to recover the revenue shortfall 
generated: by SMC pricing. The most efficient such divergence is Ramsey 
pricing which, in the absence of externality (for example, congestion, noise) 
costs, differentially marks up prices above the airport’s private marginal 
(operating) cost in inverse proportion to the demand elasticities of separable 
user segments. In the more general case where externality costs are pres- 
ent, Ramsey pricing marks up prices differentially over private marginal 
costs and a fraction of marginal externality costs. In both cases, Ramsey 
pricing recovers costs efficiently by marking up prices above marginal cost 
proportionally more for users who value usage more and less for users who | 
value usage less. This ensures that the amount of traffic “choked off” by the 
mark-ups, and hence the efficiency loss due to divergence from SMC prices, 
is minimized. 


Since Ramsey mark-ups vary in inverse proportion to the price elasticity of 
user demand, in practical terms Ramsey pricing implies landing fees that 
vary primarily by aircraft type, with larger aircraft charged higher fees 

than smaller aircraft. Ramsey prices may also vary by time of day, since 

an aircraft of a given type may have more inelastic demand for peak-period 
use than for off-peak use. Demand elasticities, and hence Ramsey prices, 
can also vary by stage-length (length of flight) and type of use (commercial, 
general aviation, military or government). 


At major congested airports, SMC pricing will probably recover capital costs 
without the need to resort to the second-best Ramsey pricing policy. At 
non-major airports SMC pricing will not fully recover capital costs, in which 
case Ramsey pricing represents the most efficient way to recover the revenue 
shortfall. Therefore, in practical terms, the essential features of the landing 
fee policy dictated by efficient allocation of airport resources are: 
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¢ landing fees at major airports characterized by a large fee differential 
between peak and off-peak times of day (and seasons) for all types of air- 
craft, with relatively small variation in peak fees by aircraft type (reflecting 
differential runway occupancy times), and larger variation in off-peak fees 
by aircraft type (reflecting differential noise costs); and 


¢ landing fees at non-major airports characterized by large variation in fees 
by aircraft type, and smaller variation in fees for each aircraft type between 
peak and off-peak periods. 


Transport Canada’s proposed cost-recovery policy for airports provides a 
basis for airport pricing that differs conceptually from the basis provided by 
efficient allocation of airport resources. Because Transport Canada’s pro- 
posed policy is concerned primarily with cost recovery rather than with effi- 
ciency, it dictates that prices be based on direct allocation of variable and 
fixed costs to users, rather than based on the social marginal costs that 
airport users generate. The policy is characterized by: 


¢ fees determined by allocating site-specific operating and capital costs 
to users; 


* capital costs of runways allocated to commercial, state and military 
aircraft only (not to general aviation); 


¢ airfield operating and maintenance costs allocated to all users on a per 
tonne of maximum take-off weight basis; 


¢ terminal building capital and operating costs allocated to airlines, 
concession operators and passengers on the basis of usage; and 


* peak-period fees at major airports that recover capital and operating costs 
in excess of those that would be incurred if demand were evenly distributed 
throughout normal operating hours of the day and throughout the year. 


Although conceptually different from SMC and Ramsey pricing, in practice, 
the structure of landing fees suggested by Transport Canada’s (TC’s) pro- 
posed pricing policy is similar to that implied by SMC and Ramsey pricing. | 
For non-major airports, TC’s cost-recovery policy does not propose peak- 
period fees, but rather fees that vary on the basis of aircraft type both explicitly, 
in the provision that runway capital costs not be allocated to general avia- 
tion, and implicitly, by allocating airfield operating costs to users on the 
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basis of maximum aircraft take-off weight. This variation in landing fees 

by aircraft type is consistent with Ramsey pricing. For major airports, TC’s 
cost-recovery policy dictates variation in landing fees by aircraft type during 
off-peak periods, supplemented by a peak-period fee that allocates part of 
capital costs to peak users. Provided that the peak fee is to be applied to all 
peak users, TC’s policy for major airports is structurally similar to SMC pricing. 


The structural resemblance between TC’s proposed pricing policy and 
SMC/Ramsey pricing indicates that TC’s policy recovers costs in a relatively 
efficient manner. However, how efficient it will be depends to some extent 
not only on its qualitative similarity but its quantitative similarity to SMC/ 
Ramsey pricing. In particular, the TC policy dictates a peak/off-peak fee dif- 
ferential based on allocation of capital costs between peak and off-peak use, 
whereas SMC pricing bases the peak/off-peak fee differential on the different 
criterion of the marginal congestion cost differential between peak and 
off-peak times. 


A specific comparison between peak fees under TC’s proposed policy and. 
peak fees generated by SMC pricing is not possible at present, due to the 
lack of an explicit formulation of TC’s proposed peak fees. However, a more 
general comparison of magnitudes is possible. TC’s peak/off-peak fee differ- 
ential will likely be less than that generated by SMC pricing because cost- 
recovering SMC pricing allocates essentially all of capital cost to peak users 
(who generate the majority of marginal congestion costs), while the TC pol- 
icy will partition capital costs between peak and off-peak users. In terms of 
the degree of peak pricing, the proposed TC policy, therefore, represents 

an intermediate state between the current pricing system, which does not 
differentiate prices by time-of-day, and the peak period pricing suggested 
by SMC pricing. | 


Exactly how close TC’s proposed policy is to SMC pricing may not, in any 
case, be the key consideration in assessing its relative efficiency. Borins (1984) 
simulated the dynamic effects of various non-SMC pricing policies on the 
economic surplus generated by Pearson International Airport and found that 
“the social welfare surface surrounding the optimal policy [SMC pricing] is 
relatively flat for a substantial range, and that existing policies are also on 
this range .. . the welfare surface resembles a broad plateau... rather 
than peaking very sharply at the optimum resembling a mountain like the 
Matterhorn.”°! In concrete terms, Borins found that “the relative deviations 
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[from the level of economic surplus induced by SMC pricing] of non-optimal 
pricing policies are quite small, always less than 1 percent for the low 
elasticity model and less than 5 percent for the high elasticity model.” 


These findings indicate that the efficiency loss, in terms of short-run use 
and long-run timing of investment, of pricing policies that lie between the 
existing policy and the optimal (SMC) policy is small in relative terms. 

The key consideration in assessing TC’s pricing policy is not whether it cor- 
responds exactly to the optimal SMC/Ramsey pricing policies, but rather 
that it represents an improvement over the existing policy that moves in the 
direction of optimal pricing. TC’s policy approximates the price structure 
implied by SMC and Ramsey pricing by recovering costs in a manner that 
encourages efficient allocation of airport resources by discouraging use of 
congested facilities by low-valuing users during peak times, and allowing 
for use of uncongested facilities and off-peak times by all users. 


5, A FRAMEWORK FOR EFFICIENT PLANNING AND DECISION MAKING 


So far in this report, we have examined the airport planning process from 
two perspectives. First, the long-run problem is one of making investment 
decisions that maximize return on capital. Second, the short-run problem is 
one of efficient use of existing capacity through appropriate pricing schemes. 
In theory, this dichotomy between short-term and long-term decisions (or 
policy traces) should not exist, but, in practice, it is quite prevalent. Airport 
administrators are given the responsibility of operating existing facilities 
within certain policy and management guidelines. They function within the 
realm of operating budgets, planning revenues and expenditures to meet 
certain financial objectives. In the short run, excess demand is handled 
through rationing or, if possible, by improving the operating efficiency of 
existing facilities to increase throughput. The longer-term considerations 
regarding capacity expansion are dealt with in the realm of capital spending. 
Such decisions are subject to public investment guidelines, and are rarely 
seen as an extension of the airport’s operating strategy. They present them- 
selves as discreet events, which have tended to be in response to long-term 
growth projections in the past and, in more recent times, to severe congestions. 


A rational model, based on sound economic principles, has to deal with the 


management of existing and construction of new facilities in an integrated 
framework. Although a distinction is drawn with respect to time horizons, 
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investment and pricing both serve the same objective of efficient allocation 
of resources. The lumpy nature of airport investments may pose problems 
in the derivation of cost functions, which, in turn, may pose difficulties in 
determining efficient prices. In practice, however, sound application of cost- 
benefit principles in investment decisions and social marginal cost prin- 
ciples in pricing decisions, forms a common basis that provides adequate 
levels of capacity and allows for that capacity to be utilized. 


Investment and pricing policies are evaluated against the criterion of eco- 
nomic efficiency. An efficient policy is one that maximizes net benefits to 
society. In the context of pricing policy, economic efficiency dictates operating 
an airport at the level of use where the social benefits of expanding use are 
just exceeded by the incremental social costs, including the cost of incre- 
mental congestion. Social marginal cost (SMC) pricing holds use and con- 
gestion to this efficient level by rationing use among users on the basis of 
their willingness to pay the social marginal cost. As users’ willingness to 
pay (demand) increases, the efficient level of use and congestion increases, 
and the social marginal cost price rises. When congestion reaches a critical 
level, the congestion cost savings that can be achieved by expanding capacity 
outweigh the capital, and other social costs, associated with capacity expan- 
sion. Capacity expansion then is justified because it provides positive net 
social benefits. By controlling congestion growth, pricing policy affects the 
timing of investment. A pricing policy that diverges from social marginal 
cost can therefore lead not only to inefficient use of fixed capacity but also 
to inefficient timing of capacity expansion. 


Under a cost-recovery constraint, pricing policies not only affect the timing 
of investment, but also provide the revenue required to fund investment. 
Social marginal cost pricing, because it recovers congestion — not capital — 
costs, will not necessarily recover the capital cost over a period of capacity 
expansion. However, for major Canadian airports, any revenue shortfall 
from SMC pricing is likely to be relatively small, and in some instances 
could lead to a revenue surplus. 


If cost recovery is to be achieved, the alternative to SMC pricing is pricing 
based on allocating capital (and operating) costs to users. In Transport 
Canada’s cost-recovery policy, landing fees vary among different aircraft types 
on the basis of maximum aircraft take-off weight rather than the amount of 
runway time used and congestion induced. A potential inefficiency associated 
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with capital cost-based pricing is that prices do not necessarily rise with 
increased congestion as SMC prices do and, therefore, do not signal the 
relative scarcity of capacity to users. However, the relative loss of social 
welfare associated with these inefficiencies would be small for major 
Canadian airports. The argument for capital cost-based pricing is further 
strengthened if different prices are charged for peak and off-peak use, 
based on some estimate of the proportion of capital costs necessitated by 
peak use. Such a peak/off-peak fee differential performs a similar function to 
SMC pricing in shifting low-valued users from peak to off-peak times to use 
capacity more efficiently and delay the need for capacity expansion. In gen- 
eral, the proposed cost-recovery package provides a practical framework 
that would yield fairly efficient pricing practices at Canadian airports. 


In investment policy, economic efficiency dictates the comparison of the social 
costs and benefits of potential capacity expansion options. The established 
tool for conducting this exercise is cost-benefit analysis (CBA). There are some 
technical difficulties in CBA, such as the need to estimate demand curves to 
obtain an adequate welfare measure of benefits and costs, and the need 

to choose a social discount rate to compare benefits and costs that accrue 
at different times. The use of CBA as an evaluation tool raises a number of 
issues that require further consideration in the airport planning context. 


First, the timing of cost-benefit studies, as well as of actual investments, 
requires special attention. The Vancouver and Toronto studies both revealed 
that runway capacity expansions were overdue. Severe congestion has been 
imposing serious costs on airport users, which should have been detected 
earlier. As long as new investment considerations are delayed until conges- 
tion levels reach intolerable (or even noticeable) levels, appropriate remedies 
will always be implemented too late. This is exacerbated by the long lead 
times required for planning new capacity, and by the fact that congestion costs 
rise exponentially as capacity use approaches maximum physical capacity. 


The high costs associated with overdue investment are demonstrated by the 
results of the Pearson study, which found the first-year benefit of two new 
runways in 1996 to be $140 million, as compared to a total capital cost | 
of $469 million.52 Assuming a social discount rate of 10 percent, in 1990 
present-value dollars, the first-year benefit is $79 million and the capital 
cost $327 million. The cost of overdue runway expansion at Pearson is 
therefore approximately $46 million per year. This figure represents delay 
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cost savings foregone by postponing runway expansion by one year 
($79 million) less the opportunity (interest) cost of capital that is saved by 
postponing expansion by one year ($32.7 million). 


A more general measure of the extent to which a project is overdue is the 
“first-year benefit ratio,” the ratio of the first-year benefit to the total capital 
cost. If a project is overdue, the first year benefit exceeds the opportunity 
cost of capital (the discount rate times the total capital cost), and hence the 
first-year benefit ratio exceeds the discount rate. An optimally timed project 
is indicated by a first-year benefit ratio equal to the discount rate, and a pre- 
mature project by a first-year benefit ratio less than the discount rate. In 

the case of Pearson runway expansion, the first year benefit equals 79/327 
or 24%. Since the 24% return on capital that runway expansion produces in 
its first year of operation exceeds the 10% return on capital assumed in an 
alternate use, postponing the project would lead to a decrease in project 
net present value, and the project can therefore be deemed overdue. In 
relative terms, runway expansion at Vancouver was found to be even more 
overdue than at Pearson, with a reported first-year benefit ratio of 82% for 
the recommended runway option.®? . 


The second problem with the application of cost-benefit principles to airport 
investment concerns the range of investment options considered in cost- 
benefit studies. In the case of Toronto, for example, investment decisions at 
the Lester B. Pearson International Airport have to be examined in the con- 
text of the regional airport system. Since there may be opportunities for 
diverting traffic to other airports (for example, Hamilton, Toronto Island or 
Buttonville), and the construction of a second stand-alone airport always 
remains a consideration, investments at Pearson are difficult to evaluate in 
isolation from other components of the airport system. This difficulty was 
partially overcome in the cost-benefit study by arguing that proposed air- 
side development options were medium-term solutions, which could not be 
substituted by diversion or relocation of traffic to other airports. Although 
this constitutes a reasonable argument, it superficially limits the time horizon 
over which medium-term airside development options are evaluated. 


In the Pearson case, the benefits and costs of options were evaluated over 
only 15 years from the year of implementation. Although the need for run- 
way expansion was strong enough to justify expansion over the 15-year 

horizon in this case, in general this is an unreasonably short period of time 
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over which to evaluate the economic viability of airport investment options. 
A more systematic approach capable of integrating evaluation of medium- 
and long-term airport investment options is therefore required. The Vancouver 
study used a 30-year time horizon and considered the development of alter- 
nate airports as an option. However, the percentages of different types of 
traffic that would divert to alternate airports, while partially based on access 
time-cost differentials, were largely assumed rather than being predicted by 
a multi-airport system model.°4 


The third problem that plagues the application of cost-benefit analysis to major 
airports relates to uncertainty associated with forecasts of benefits and 
costs. As noted earlier in this report, there have been times when official 
air traffic forecasts did not materialize, eliminating the need for additional 
Capacity, or exposing examples of excess capacity (for example, Mirabel). 
Forecasting will always remain an uncertain art. The only practical solution 
is to evaluate investment options against different growth scenarios, and to 
look at alternative time horizons when considering each investment option. 
Such sensitivity analysis is an effective means of overcoming the inherent 
uncertainty attached to underlying parameters and assigning a degree of 
confidence to the results, as long as variation of underlying parameters 
over reasonable ranges does not affect the ranking of options. Sensitivity 
analysis also identifies important demand and other parameters that can 
significantly affect the results if they vary beyond critical ranges. Decision 
makers or experts can then assess the probability that these sensitive 
parameters will fall outside of critical ranges. 


A source of uncertainty which is difficult to deal with is congestion delays 
under differing traffic levels and capacity options. This uncertainty results 
not only from the unknown delay properties of expanded infrastructure 
and forecast traffic volumes but also from inadequate knowledge of actual 
delays incurred on existing capacity by current levels of demand. The studies 
of Pearson and Vancouver airports both faced the problem of a lack of 
historical data on congestion delays. Both studies used discreet (aircraft by 
aircraft) simulation models of airfield operations to estimate delays, not only 
for capacity expansion options, but also for base-case (existing capacity) options. 
As long as delay forecasts are based solely on the predictions of simulation 
models, significant uncertainty about the delay forecasts will remain. Delay 
forecasts could be more accurate if more reliable data on actual delays 
were available to verify the delay predictions of simulation models. 
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Most of the problems associated with airport benefit-cost analysis can be 
alleviated by adopting a framework that facilitates continuous monitoring of 
costs and benefits. A social benefit and cost monitoring system would: 


* Provide the data required to time cost-benefit studies optimally and to 
increase the level of confidence associated with study forecasts, and 
would provide the basis for an airport planning model that could 
incorporate multiple airports. 


* Deal with incidents of externalities and other distributional issues. User 
costs and benefits could be compared to external impacts, such as neigh- 
bourhood noise costs or spin-off community benefits. The system could 
be used to disseminate information to the public, and to facilitate dia- 
logue between opposing interests. It could serve as an effective means 
of mediating between conflicting interests, or at least provide grounds 
for compromise. 


* Serve a useful purpose in pricing decisions by providing the data required 
for examination of the efficiency and revenue implications of alternative 
pricing schemes. Data on the social costs of airport operation could also 
be used to quantify externalities such as noise to provide the basis for 
taxation and compensation schemes. 


In conclusion, from an economist’s perspective we see the planning process 
as a continuous and comprehensive cost-benefit analysis. We see benefit- 
cost analysis not only as a “technocratic instrument” for investment appraisal, 
but an effective framework within which external impacts can be monitored 
and quantified, political compromises among different interest groups can 
be reached, and appropriate compensation mechanisms can be devised to 
make all concerned parties better off. The discipline of the new environmen- 
tal review and assessment procedures has imposed the need for rigorous 
cost-benefit analysis in evaluating large projects, such as the international 
airports in Toronto and Vancouver. We propose that the scope of these 
cost-benefit studies be expanded to become a framework for continuous 
monitoring of airport costs and benefits, which we believe would constitute 
the basis for more rational decisions with respect to the economic efficiency 
of the airport system. 


ENDNOTES 


cf 


10. 


ik F 


12. 


13. 


See S. Borins, “Organization with Environment: A Review of Walter Stewart’s Paper 
Juggernaut,” Canadian Public Policy 6, 1 (Winter 1980), pp. 115-23 and S. Borins, “Self- 
Regulation and the Canadian Air Transportation Administration: The Case of Pickering 
Airport,” in Studies on Regulation in Canada, ed. W. T. Stanbury (Montreal: Institute for 
Research on Public Policy, 1978), pp. 131-51. 


See Transport Canada, Airports Authority Group, Our First Year: 15 October, 1985- 
15 October, 1986 (Ottawa: Supply and Services Canada). 


Geoffrey Rowan, “Community airports head for fast lane,” The Globe and Mail, October 2, 
1991, pp. B1, B6. 


Transport Canada, Airside Capacity Enhancement Project Team, Vancouver International 
Airport, Airside Capacity Enhancement Project, Airside Demand/Capacity Analysis 
(June 1989). 


Transport Canada, Proposed New Cost Recovery Policy: Phase II Discussion Paper, 
TP10041 (April 1990). 


Transport Canada, Airports Authority Group, Business Plan Framework, 1991/92-1993/94. 


For a review of indivisibilities in airport capacity, see T. H. Oum and Y. Zhang, “Airport 
Pricing: Congestion Tolls, Lumpy Investment, and Cost Recovery,” Journal of Public 
Economics 43 (1990), pp. 353-74. 


The latter applies, for example, to the valuation of externalities such as noise, which are 
not subject to property rights and hence have no established market price. Where market 
prices of costs and benefits do exist, they are used because they reflect the maximum that 
individuals are willing to pay in the presence of the market. 


This principle was first introduced by N. Kaldor in “Welfare Propositions of Economics and 
Interpersonal Comparisons of Utility,” Economic Journal 49 (1939). The compensation 
principle is a relaxed version of the Pareto principle, which requires that a policy make at 
least one person better off and no one worse off without compensation. 


Equity objectives of Canadian transport policy are outlined in Royal Commission on 
National Passenger Transportation, Getting There: The Interim Report of the Royal 
Commission on National Passenger Transportation (Ottawa: Supply and Services Canada, 
April 1991), p. 221. 


For a review of methods for incorporating distributional weightings into the evaluation 
criterion, see W. G. Waters, Il, “Investment Criteria and the Expansion of Major Airports in 
Canada,” Canadian Public Policy 3 (1977), pp. 23-35. 


See, for example, Transport Canada, Toronto Lester B. Pearson International Airport 
Airside Development Project, Final Report No. 24, Benefit/Cost Analysis, TP10854E 
(April 1991), report prepared by Transmode Consultants Inc.; and Hickling Corporation, 
Economic Analysis of Airfield Capacity Enhancement Strategies for Vancouver 
International Airport (1990). 


By NPV we refer in all cases to net present value evaluated in the current year, regardless 


of the start-date considered. Delaying the start date of an option will increase its NPV if 
the interest savings on expansion capital exceed the foregone net benefits of expansion. 


Mon 


14. 


1S. 


16. 


1h 


18. 


(i! 


20. 


21. 


223 


23. 


24. 


1498 


See Oum and Zhang (1990). 


lf the capacity expansion project is to be evaluated using a fixed, finite economic life of 

n years, rather than a fixed horizon date or an infinite horizon, then there will be an addi- 
tional benefit of delaying capacity expansion by one year: the net benefit in year n+1. The 
n+1 year benefit is not considered here for simplicity of exposition, and consistency with 
the literature (for example, Oum and Zhang (1990) use an infinite horizon). For 
applications where consideration of the n+1 year benefit is justified, use of the formula 
presented below understates the benefits of delaying expansion, and hence leads to later 
than optimal capacity expansion. Since the n+1 year benefit will normally be heavily dis- 
counted, the magnitude of the understatement is likely to be small. Simulation methods 
can be used to determine the exact optimal timing. 


This assumes that increases in congestion cost savings over time are greater than 
increases in externality (noise) costs. 


For discussion of this criterion see S. A. Marglin, Approaches to Dynamic Investment 
Planning (Amsterdam: North-Holland, 1963), and S. F. Borins, “The Effect of Pricing Policy 
on the Optimal Timing of Investments in Transportation Facilities,” Journal of 
Transportation Economics and Policy 15 (1981), pp. 121-33. 


lf the expansion option requires a gestation period for construction before benefits are 
realized, then K is the capital cost compounded by r over the gestation period. 


In the latter case, the optimal postponement period will be the longest period over 
which the average rate of increase of annual net benefits exceeds the discount rate. See 
E. J. Mishan, Cost-Benefit Analysis (London: George Allen & Unwin, 1982), p. 269. 


Transport Canada, Toronto Airside Development Project (1991) and Hickling Corporation, 
Economic Analysis of Airfield Capacity Enhancement Strategies for Vancouver 
International Airport (1990). 


If only a single expansion option is being evaluated, and if benefits are monotonically 
increasing over calendar time, and a long planning time horizon is in use, then this condi- 
tion for optimal timing is not only necessary but also sufficient to recommend expansion. 
If the single option is optimally timed, so that its first-year benefit exceeds rK, then the 
present value of its benefits over all future time exceeds K (since the present value of a 
perpetuity of rK is 1/rrK = K), and hence the option automatically has a positive net pres- 
ent value and can be recommended for implementation without explicitly calculating 

its NPV. Thus, conceptually, it is the optimal timing rule which forms the foundation for 
investment evaluation, with NPV analysis required to handle the more general case when 
more than one investment option is to be evaluated. 


Hickling Corporation, Economic Analysis of Airfield Capacity Enhancement Strategies for 
Vancouver International Airport (1990). 


Transport Canada, Airside Capacity Enhancement Project Team, Vancouver International 
Airport, Airside Capacity Enhancement Project, Airside Demand/Capacity Analysis, 
TP 9411E, (June 1989). 


Hickling Corporation, Economic Analysis of Airfield Capacity Enhancement Strategies for 
Vancouver International Airport (1990), p. 8. 


25. Federal Environmental Assessment Review Office, Vancouver International Airport 
Parallel Runway Project: Report of the Environmental Assessment Panel (1991), p. 40. The 
Panel also noted that inclusion of land costs would not have changed the study results. 


26. Transport Canada, Vancouver International Airport, Airside Capacity Enhancement Project 
(1989), pp. 3-1, 3-3. 


27. Federal Environmental Assessment Review Office, Vancouver International Airport (1991), 
p. 40. 


28. In addition to this high benefit to cost ratio, the internal rate of return of the recommended 
option was also high at 114 percent. 


29. Hickling Corporation, Economic Analysis of Airfield Capacity Enhancement Strategies for 
Vancouver International Airport (1990). It should be noted that the degree of confidence 
that can be placed in such a statement depends on the accuracy of the subjective proba- 
bility distributions assigned to underlying assumptions. Risk analysis of the type conducted 
in the study does not eliminate uncertainty: it addresses one level of uncertainty but 
creates another. 


30. An average delay of two minutes was forecast to remain in the first year after implemen- 
tation of the runway (1993), which was found to be sufficient to generate incremental ben- 
efits to peak-period pricing. Hickling Corporation, Economic Analysis of Airfield Capacity 
Enhancement Strategies for Vancouver International Airport (1990), pp. 112, 116. 


Biss Ih: 


32. The FYBR of 82% implies that the annual cost attributable to overdue runway expansion in 
the presence of a $100 peak fee is approximately $44 million. 


33. Transport Canada, Toronto Airside Development Project (1991). 


34. Transport Canada, Economic Impact of Alternative Traffic Management Options for Lester 
B. Pearson International Airport, TP10668E (March 1991), report prepared by Hickling 
Corporation. 


35. Estimation of benefits was made even more conservative by including only the benefits 
of using versus not using the airport, not the benefits of using peak versus off-peak times, 
in the calculation of generated user benefits. 


36. No assessment of the allocative efficiency of administrative allocation versus congestion 
pricing is implied. 


37. Transport Canada, Benefit-Cost Model for Airport Approach Systems, TP6887E 
(September 1986). 


38. The analysis assumes that the demand curve is fixed and hence applies individually to 
periods of relatively constant demand. 


39. For the purposes of this analysis, our assumption ignores the macroeconomic spin-off 
benefits that accrue from airport operation. 


40. MC, is the passenger time and operating cost of using the airport of the average aircraft, 
and reflects the assumption of a constant aircraft mix over utilization levels. 


41. The term “slot” generally denotes the right to land or take off (not both) once during a 
specified hour, daily, for one winter or summer season. S. G. Hamzawi, “Methods to 
Relieve Airport Congestion,” Proceedings of the Canadian Transportation Research 
Forum, (1988). 


42. D.W. Gillen, T. H. Oum and M. W. Tretheway, “Airport Pricing and Capacity Expansion: 
Economic Evaluation of Alternatives,” Transportation in Canada (Ottawa: Transport 
Canada, 1990) TP10451E, p. 86. 


43. For example, consider the case of an airport served by two airlines with the same oper- 
ating configuration, costs and passenger demands. If the airport manager sets a peak- 
period traffic quota and informs the two airlines that they will not be permitted to fly until 
they work out a schedule that conforms to the quota, the two airlines will probably agree 
to split the quota in half and to each half assign their highest valued flights, producing an 
efficient allocation of the quota. In game theoretic terms, such an agreement represents 

- a focal equilibrium. 


44. The market clearing price will equal the marginal users’ valuation less their PMC. Hence, 
assuming the airport authority knows the PMC curve, PMC can be added to price to obtain 
marginal valuation. 


45. We assume here that the airport authority knows the SMC curve and that the demand 
curve is constant. 


46. This algorithm is presented as an illustration of the use of market prices to guide quota 
setting. Although this algorithm does not necessarily converge (consider steepening the 
demand curve in Exhibit 5), other algorithms based on the same price information could 
be designed that would converge. 


47. The practice of “long-run marginal cost” pricing — charging users for the “marginal” cost 
of capital as well as the marginal cost of airport operation, noise and (depending on the 
formulation) congestion — is not efficient. As Gillen, Oum and Tretheway (1990) note, 
with lumpy capacity investment “there is no smooth long run marginal cost curve . . . the 
long-run marginal cost curve is the collection of short run marginal cost curves.” Therefore, 
a policy that allocates capital costs to users is not necessarily efficient. The efficient pricing 
policy charges users the short-run social marginal cost at the prevailing traffic level. This 
implies “charging higher prices [due to higher congestion] before any capacity investment, 
and lower fees after capacity is in place.” Charges that vary over time with the level of 
congestion signal the relative abundance or scarcity of capacity to users and, hence, are 
more efficient than charges that allocate to users a fraction of capital cost that remains 
constant over time. See Gillen, Oum and Tretheway (1990), p: 91. 


48. We ignore the possibility of using marginal noise cost fees to recover capital costs for 
the sake of simplicity, and because they may be required to fund householder noise 
compensation schemes. 


49. H.Mohring and M. Harwitz, Highway benefits: An analytical framework (Northwestern 
University Press, 1962) pp. 84-86, and H. Mohring, “The Peak Load Problem with Increasing 
Returns and Pricing Constraints,” American Economic Review 60 (1970), pp. 693-705. 


ME 


50. 


St. 


OZ: 


So: 


54. 


The optimal timing of capacity expansion is itself determined by the level, but not the 
growth path, of traffic demand. See Oum and Zhang (1990), pp. 353-74. 


S. F. Borins, “The Economic Effects of Non-optimal Pricing and Investment Policies for 
Substitutable Transport Facilities,” Canadian Journal of Economics 17 (1984), pp. 80-97. 


Transport Canada, Benefit-Cost Analysis of Airside Development at Lester B. Pearson 
International Airport (1991), pp. 36, 61. 


Hickling Corporation, Economic Analysis of Airfield Capacity Enhancement Strategies for 
Vancouver International Airport (1990), p. 174. Hickling defined the first-year benefit ratio 
as the ratio of “all benefits in the first year after commissioning a project divided by the 
total costs incurred to that date, including interest” (p. 172). This formulation is equivalent 
to the ratio of present valued first-year benefit to present valued capital cost that we pre- 
sent. The first-year benefit ratio, a measure of project timing, should not be confused with 
the internal rate of return (the discount rate at which NPV equals zero), which is a measure 
of the rate of return of a project over its entire economic life and, hence, a measure of 
project merit. 


Ibid., pp. 54, 63, 91. 


a o 
‘ 
oth a” i 
7 


Ab Wm a4 Me i feck le DieA 
Ie aid ha hasee Nh upeeaceaty: SORA ERE Le YEII He 


tah ae ® Jineweneanctecniaiagil naieicaibioe asineaes © sahil 
_ SRST Ay (cout tre UMNARRR ae: narod 3 
| Rive ape et rae hontiin, > dy ubeageal y ade OOS Tranpae rien , 
iu ad hahia sibnahons ich ecreegentiantl Miro Behenk ear’. Moise abana? : ne oe 
ie nines aie 1h . Ae BE a Hebe yest ven 
62. Ey, to 70 a ee RE omens, "Abport # 5 arnt Cea ty TAM. 
net albus! wal eatsionie ae Shieh f thasy ete ines Samet Wiehe | ASEAN ny Dit x 
2! ee Rtn 8) SF AB tt nt OTT ay iz i Ti youve lanciian eit tewlegs ve! “dy oe 8 
edi yd LatiMit nsing & onidohieittinne date ey tak ol) ab elftensd ile? Yerdi oe) a ae 
A rldvis Hee MOMS L EAE GOOr ayaa re EF oaealt sae AES Natit Smee ee a 
yeep eT ee EIT Fat pony ent aa tea ABW AY Siwy ATG Steaiiage 
: hrstternl tre he an at Ag LET OMe fo is She clye sibsivie ae" Pals air Maga * - 
> Fis ney Ase Yah whari Meare. a qarrey ie bey Ra 3 SA ye ith i) Stig M1 ere ee 
Te wile pire toniert if RE ahi alee are no TOTO #¥5 Ovae a 


my Whiehen ' i ed ti cy es 7 : 4 t an ina , a hee | | Rize ) pee Oe ka on 


=} i 
; @ i i 
. | 
n » ‘ oa fi ‘ 4 
ak i | 
. » = 
\ 
: 
i 
= = é "a 
t , +. 
ett 
7% 
A> 
a 
i oe ' 
] =! 
i 
/ 
4 J bs 
z j 4 t (rere 
t v ~ 
\ | a) 
re, ia . See thle Good ty es) 
r ’ ; : , . { 2 , 
a pipes ‘ 
f 3 
a p xe i A 
st 
F } y We 
er : 4 ‘ 
7 x Lis he 
’ 
ey) DAP ; ! \ Ri My 
' 
4 
; j Pract 14? ¥ PI Le 
i 
f 
4 , ss. " 7 ae 
rhe AGauasev Ty 14 Wy : . ; in ee ope ab 
A e . re 
: j . burps a ons 
| 5 ia .Y, ina t f P se - biheets 
- + 
ey atte é . ™~ : ee 
4 7 +e x 
a a} r tel 3 
i ej oe 7 
° i '-n > 
' 
hy (a 
ct) ia ay ‘ba 
‘ ot 
<4 ; 
om | 
= At ot 
| 
* 
J 


19 


TRAVEL DEMAND BEHAVIOUR: 
SURVEY OF INTERCITY MODE-SPLIT MODELS IN CANADA 
AND ELSEWHERE 


Eric J. Miller and Kai-Sheng Fan* 
December 1991 


1. INTRODUCTION 


1.1 STUDY PURPOSE 


The purpose of this study is to review the evolution of the intercity travel 
demand modelling state-of-the-art over the past 20 years, within Canada and, 
as applicable, elsewhere. In particular, the review summarizes the lessons 
which have been learned from this modelling work concerning Canadian 
intercity travel in general and intermodal substitutability in particular. 


Given the emphasis on modal substitutability, this review focusses on the 
choice of mode in the travel demand modelling process. Trip generation/ 
distribution components are discussed, but these aspects of the overall 
modelling process are not reviewed in detail. In particular, the issue of 
the “induction” of new, previously unmade trips through the introduction 
of service improvements on one or more modes is not comprehensively 
explored. 


* Department of Civil Engineering, University of Toronto. 


This review is not intended to assess the relative accuracy of the various 
Canadian intercity demand models which have been developed and applied 
over the years. Rather, it is intended to assess what has been learned from 
these models that is applicable to understanding and forecasting Canadian 
intercity travel demand. Thus, the study spends virtually no time reviewing 
the actual forecasts generated by these models. Instead, it focusses on the 
elasticities, values of time and other fundamental indicators of travel behav- 
iour that can be extracted from these models. In so doing, the review also 
inevitably deals with methodological issues associated with the specifica- 
tion, estimation and application of these models, since the empirical results 
(elasticities, etc.) obtained from these models can only be evaluated within 
the theoretical and methodological context within which they are obtained. 


The primary focus of the review is necessarily on Canadian intercity mode- 
split models. Every Canadian multimodal’ model of consequence reported 
in the literature is reviewed in this report. U.S. models of significant rele- 
vance to the Canadian context, in particular those which appear to represent 
the current state of practice, are also reviewed in detail. Non-North American 
models are generally not reviewed in detail, typically due to a lack of trans- 
ferability to the North American context and/or a lack of detailed information 
concerning the models’ functional forms, assumptions, etc. 


Time and resource constraints and, more particularly, lack of access to orig- 
inal model data sets prevented any new analysis from being undertaken 
within this study. Given the complex, non-constant nature of the elasticities 
associated with virtually every model reviewed here, this review contains 
only empirical elasticities which have been reported in the models’ documen- 
tation, since sufficient information to compute meaningful elasticities given 
a model’s functional form and estimated coefficients was rarely available. 


1.2 REPORT ORGANIZATION 


Section 2 of this report provides a brief background discussion of several 
issues that are of particular importance in assessing the state-of-the-art of 
intercity travel demand. In particular, the fundamental issue of choice of 
model aggregation level is discussed in some detail. Primarily motivated 
by this discussion of the aggregation issue, the review of specific intercity 
mode-split models is presented in two sections. Section 3 deals with aggre- 
gate modelling efforts, while Section 4 deals with (typically more recent) 
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disaggregate models. Finally, Section 5 summarizes the findings of this 
detailed review with respect to empirical results, methodological issues and 
directions for further model development. 


2. DISCUSSION OF ISSUES 


2.1 INTRODUCTION 

SEES Ort Ee EO ATA TO GOB OG Sa caste he a Mee O1g 
This section discusses several issues which have a direct impact on the 
results which are obtained from intercity passenger travel demand models 
and, hence, must be considered in any evaluation or discussion of these 
models. These issues include: 


* spatial aggregation level and model transferability; 
* travel market definition; and 


* model specification. 


2.2 LEVEL OF AGGREGATION 

rE ae Oe ESET SEES EINES LAE es ITIL CN) PIE OEE 
Travel demand models are typically developed at one or the other of the 
following two levels of spatial aggregation: 


* the aggregate level, in which total trips (by mode) between zones are 
modelled directly; and 


* the disaggregate level, in which trips by individuals are modelled directly 
(and the aggregate zone-to-zone flows required for policy analysis are 
then generated by explicitly or implicitly adding up all the trips made 
between these zones by these individuals). 


By far the majority of intercity passenger travel demand models fall into 
the aggregate category, although in the last 5 to 10 years, models have 
been at least partially disaggregate in nature. Aggregate models typically 
possess several practical advantages. In particular, their input data require- 
ments are generally much more modest than those of disaggregate models 
and are also generally more consistent with the information which often 
has been available for model construction. Further, such models are gener- 
ally easier to apply, since they are developed directly at the level of policy 
interest, that is, the level of city-to-city flows. 
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Aggregate models, however, can be criticized with respect to several aspects. 
The most fundamental of these is that aggregate models inherently run the 
risk of having incorporated within them unknown amounts of aggregation 
bias. Figure 2-1(a) illustrates the concept of aggregation bias. In this figure, 
a hypothetical demand curve is assumed. The precise nature of the curve is 
not of immediate importance, except that it is non-linear in nature (certainly 
not an unreasonable assumption). The demand curve shown expresses the 
probability of an individual choosing a particular mode of travel for a trip 
as a function of the person’s income, where all other factors affecting this 
modal choice (modal levels of service, trip purpose, etc.) are assumed to be 
held constant. Two individuals (1 and 1’), possessing very different income 
levels are shown (/, and /,-), along with their mode choice probabilities (P; 
and P,-). The average income for these two individuals (/) and their average 
choice probability (P) are also shown. Points to note from this figure include 
the following: | 


« A disaggregate model would attempt to reproduce the demand curve 
shown in Figure 2-1(a) by statistically relating the observed response of 
each individual trip-maker to his/her individual characteristics.? Such a 
model will inevitably contain some error, due to the use of “approximate” 
functional forms, omission or mismeasurement of explanatory variables, 
etc. But such a model, if properly constructed, will not be inherently 
biased in terms of its model parameter values. 


¢ An aggregate model, on the other hand, would typically be developed by 
statistically relating the observed average response for an aggregation of 
trip-makers as a function of the average characteristics of these trip-makers; 
that is, point {I,P}, combined with comparable points for other groups, 
that is, average values for other zones or zone-pairs, as the case may be. 


Point {I,P} does not lie on the true demand curve and, in general, will not 
-lie on the curve unless the curve is linear (a very unlikely event). Thus, 
any model based on aggregate data such as {I,P} will not likely be able | 
to reproduce the true relationship between modal choice and income. 
Figures 2-1(b) and 2-1(c) illustrate two extreme but not inconceivable 
examples in which the assumed aggregations lead to either no apparent 
relationship between mode choice and income (Figure 2-1(b)) or a posi- 
tive relationship (that is, increasing modal use with increasing income, as 
in Figure 2-1(c)), when in both cases the same true underlying relationship 
of a negative relationship between mode choice and income (that is, 
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modal use declines with increased income, as in Figure 2-1(a)) is generating 
the observed aggregate results. Clearly, models developed from the data 
shown in either Figures 2-1(b) or 2-1(c) will be seriously in error — that is, 
biased. And, in general, any spatially aggregate model will be subject to 
some unknown level of bias. 


The problem of aggregation bias is lessened in situations in which zones are 
relatively homogeneous with respect to the variable(s) being aggregated. 
This is rarely the case, however, in intercity models, in which a “zone” is 
typically an entire urban area (“Toronto,” “Montreal,” etc.), within which 
potentially important explanatory variables, such as income, occupation, 
family composition, access/egress times and costs, etc., all will vary 
dramatically and in complex ways. 


The impact of aggregation bias can also be minimized if the model is more or 
less restricted to policy variables involving relatively little bias (for example, 
city-to-city travel times and costs) and it can be argued that the “net” effect 
of all other factors (income, etc.) are “captured” within the model's parame- 
ters in a way which is unlikely to change significantly over the forecast period. 
Many aggregate intercity demand models at least approximately fall into 
this category in that they contain relatively few (if any) socio-economic vari- 
ables (which are particularly sensitive to aggregation biases). The critical 
question, of course, is whether the net effect of all other factors is, in fact, 
constant over time (or otherwise properly controlled for) within such models. 


The second major issue with respect to aggregate models, which really 
represents an extension of the aggregation-bias problem, is that of model 
transferability. It should be clear that, regardless of whether an aggregate 
model is “fatally” biased or not, its potential to be transferred from the area 
for which it has been developed to another area is extremely limited, since 
the net effects embedded within the aggregate model are likely to be quite 
different from one area to the next. Thus, a model developed for one travel 
corridor or one country is very unlikely to be readily transferable to another 
corridor or country. This has certainly been the case for urban travel demand | 
models and, as is discussed further in subsequent sections of this report, 
the available evidence indicates that this also seems true for intercity models. 
Hence, it is likely that, at best, only very generalized results might be trans- 
ferred from one region of the country to another, or from one country 

to another. | 
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Figure 2-1 
AGGREGATION BIAS EXAMPLE 


CASE (a) 


Figure 2-1 (cont'd) — 
AGGREGATION Bias EXAMPLE 


CASE (c) 
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2.3 TRAVEL MARKET DEFINITION 


It is widely recognized in the demand modelling literature that intercity 
travel must be disaggregated by trip purpose. At a minimum this means 
developing separate models for business and non-business purposes in 
recognition of the very different behavioural processes, choice elasticities, 
etc., that exist within these two very different travel markets. Further disag- 
gregation of non-business trips (into purposes such as “visit friends and 
relatives,” “personal business,” “vacation,” etc.) typically depends upon 
data availability and the importance of distinguishing between these 
various sub-markets within the given corridor or region under analysis. 


Further market categorization, however, is generally possible and usually 
desirable. In particular, it is likely that significant differences in modal 
availability and decision processes exist between short-distance and long- 
distance intercity trips, although where the break point between short- and 
long-distance trips lies is not necessarily well understood. Similarly, it is not 
clear that linear travel corridors and more general regional or inter-regional 
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travel systems behave in similar ways that can be captured equally well by 

the same model. Thus, some form of spatial categorization, on the basis of 

distance and/or travel system structure, may well be necessary to understand 
properly the intercity travel market as a whole. | 


This discussion of market categorization is, of course, another example of 
the aggregation issue discussed in the previous section. By categorizing the 
market “properly,” one is attempting to identify travellers who are relatively 
homogeneous in both their decision-making process (time-cost trade-offs, 
etc.) and the environment within which these decisions are made (available 
modes, relevant modal characteristics, etc.). A particular difficulty with this 
market segmentation process is that it generally must be done prior to for- 
mal model estimation, with the result that statistically rigorous selection of 
the “optimal” categorization scheme is often difficult to achieve. Further, 
segmentation means that two or more models based on sub-samples within 
the overall set of observations will be developed, with a possible loss of sta- 
tistical significance in parameter estimates. This makes market segmenta- 
tion a tedious, inevitably somewhat ad hoc process which probably has not 
been explored in most modelling efforts as extensively or as consistently 

as one might wish. 


An alternative to market segmentation is the use of categorizing variables 
directly within the model functional form. These can include spatial, pur- 
pose or socio-economic variables. Thus, for example, it is very common to 
include income directly within an intercity mode-choice model as an expla- 
natory variable, rather than to estimate different models for different income 
groups. Inclusion of such variables within the model itself, however, usually 
involves very strong (and typically simplistic) assumptions concerning the 
effect which these variables have on the decision process being modelled. 
Further, they too typically involve a fairly ad hoc, trial-and-error search for 
the “best” combination of variables, although at least in this case some 
parametric statistical tests (t-tests, etc.) are available to aid the search. 


2.4 MODEL SPECIFICATION 
A considerable portion of the intercity travel demand modelling literature 
has focussed on the question of choice of functional form for these models. 


As discussed in greater detail in Rice et al. (1981), much of the early discus- 
sion of this issue was somewhat spurious in that the various model forms 
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considered at the time were simple algebraic variations of one another (for 
example, most one-stage “direct” demand models could be algebraically 
decomposed into a two-stage model and vice versa). As the range of modelling 
methods has expanded, however, significantly different model functional 
forms have emerged that will produce significantly different modelling 
results (descriptively and predictively), even when calibrated using the 
same data base. Further, the ability to capture these different functional 
forms as parametric variations of more general functional forms — and 
hence to test statistically the relative merits of these alternative functional 
forms — has grown over the years. 


The selection of model functional form is fundamental to the modelling 
process in that it determines the data required to estimate the model, the 
estimation procedure used to determine model parameters (and the trac- 
tability and efficiency of this procedure) and, most importantly, the overall 
behaviour of the model in terms of its predictions of future system behaviour 
under the range of policy tests of interest. Functional forms should be 
selected on the basis of theoretical plausibility, goodness-of-fit to observed 
data, predictive feasibility and predictive performance. The last of these is, 
of course, of greatest practical importance but is the most difficult to assess, 
particularly when one is dealing with hypothetical alternatives such as the 
introduction of high-speed rail services into North American travel corridors. 
Thus, in practice, one tends to rely on theoretical reasoning and empirical 
descriptive results (that is, goodness-of-fit to observed data) in developing a 
model that one hopes will then predict well into future, unobserved situations. 


3, AGGREGATE INTERCITY TRAVEL DEMAND MMoDELs 


3.1 INTRODUCTION 


Before the 1980s, virtually all operational intercity travel demand forecasting 
models were totally aggregate in nature. As discussed further in Section 4, 
disaggregate mode choice models began to be developed in the 1970s and 
early 1980s. This trend has continued (for all the theoretical reasons dis- 
cussed in Section 2) to the point that disaggregate mode choice models are 
now the operational norm.‘ Trip generation/distribution models, however, 
typically remain specified at the aggregate level. In general, these later 
models have not changed substantively in the last 20 years.°® 
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Non-Canadian aggregate models from this early era of the 1960s and 1970s 
are well reviewed elsewhere,® and it would serve little purpose to repeat 
such a review, given the weak theoretical content of most of these models, 
the lack of transferability of their results, and the extent to which they have 
been superseded by more recent, methodologically sounder methods (at 
least, with respect to mode choice models). Rather, this section focusses on 
major Canadian efforts in the development and use of aggregate intercity 
travel demand models. 


Two major operational aggregate models were developed during the 1970s 
in Canada: the Canadian Transport Commission (CTC) model, developed in 
1969-1970 for the Windsor—Quebec City corridor; and Transport Canada’s 
PERAM model, developed in the mid-1970s for Canada-wide intercity travel. 
Subsection 3.2 reviews the CTC model in some detail, both because it is 
representative of the aggregate modelling state-of-the-art circa 1970 and 
because it defines the point of departure for most of the Canadian modelling 
efforts which have followed. 


Unfortunately, very little detailed information concerning PERAM is 
available publicly. Major studies which made use of PERAM (such as the 
1984 VIA Rail Review’ and the Southern Ontario Multimodal Passenger Study 
(SOMPS)8) typically provide qualitative overviews of the model, as well as 
the end forecast results — neither of which provide the sort of detailed tech- 
nical information of direct interest to this review. PERAM, however, was 
derived from the econometric investigations of Gaudry and Wills (1978) 
which forms part of the material discussed in the next paragraph and, 
hence, is discussed in this context. 


Another type of aggregate modelling work which seems to be more or less 
uniquely Canadian consists of investigations by several Canadian economists 
(Gaudry, Wills, Oum, Gillen) of the functional form of intercity travel demand 
models and the implications which the choice of functional form has on 
intercity demand elasticities. This work is of direct importance here, both 
from the methodological point of view of what it implies for model speci- 
fication and selection, and in terms of the empirical results obtained con- 
cerning Canadian travel demand elasticities. This work is summarized in 
subsection 3.3.. 
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3.2 THE CTC MODEL? 


Although slightly over 20 years old, the model developed by the Canadian 
Transport Commission (CTC) from 1969 survey data for the Windsor-Ouebec 
City corridor as part of its Intercity Passenger Transport Study represents an 
important starting point for reviewing Canadian intercity passenger travel 
demand models, for several reasons, including: 


¢ It represents the first significant intercity demand model developed in 
Canada. | 

* It is one of the best documented models in Canada. 

¢ It is representative of the state-of-the-art in intercity demand modelling as 


of the late 1960s and early 1970s. 


The CTC model is a two-stage model of common carrier demand (air, 
rail and bus modes) in the Windsor—Quebec City corridor, defined by the 
following system of equations: 


Vag = K7PaPp'8Lpp1320e0-7/"A @0:23(D-N( C — P)-0.414/0.205 foi 
MS;= w,;/W [3.2] 
w; = K;T;3-C;488e3-9/F [3.3] 
W= dw; [3.4] 

Where. 

Vag = total annual trips generated from city A to city B by common carrier 

Kr avi oconstantit= 2:73) 


Py, Pg = populations of city A and city B (thousands) 


Lap index of linguistic pairing between cities A and B (0 < Lap < 1) 


rn fraction of families with annual incomes greater than $12,000 
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D = highway driving time (centre to centre) (hours) 

Ie = average total trip time by common carrier, weighted by modal 
split (hours) 

C = average total trip cost by common carrier, weighted by modal © 


split (dollars) 


P = perceived cost of car ($0.03/vehicle-mile; 2.15 persons/vehicle) 
W = level of service of the common carriers as defined in the modal 
split model 


MS, = fraction of traffic (modal split) using mode / (for city-pair A-B, the 
AB subscripts are deleted for simplicity of presentation) 


Ww; = level of service of mode / 
W = system impedance or overall common carrier level of service 
T; = total user trip time (includes access, egress, terminal waiting and 


block times) (tens of hours) 


G; = total user trip cost (includes access, egress and fare costs) (tens 
of dollars) 

F; = perceived daily departure frequency 

K; = modal constant (air = 31.8, rail = 10.0, bus = 1.65) 


The two-stage structure (total demand, mode split), the use of ad hoc “trip 
induction” terms (W) in the total demand equation, and the multiplicative 
nature of both equations [3.1] and [3.3] are all typical of the modelling state-_ 
of-the-art at the time of this model’s development. Also typical is the estimation 
procedure (linear regression using “linearized” versions of these equations) 
which uses relatively few observations (in this case 34 city-pairs) to esti- 
mate a relatively large number of model parameters (eight in the total 
demand equation, six in the mode-split model). Somewhat unusual features 
of this particular model include the lack of explicit demand forecasts for the 
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car mode (primarily due to data limitations) and the use of the “linguistic. 
pairing” term to deflate the level of interaction between city-pairs within the 
corridor on the basis of their relative linguistic compatibility. 


The exponents on the population terms in equation [3.1] of 1.0 and 1.08 
imply that total common carrier demand between any two city-pairs has 
constant unit elasticity with respect to either city’s population. This, in turn, 
implies that if the population of the two cities were to double, then the com- 
mon carrier demand for the city-pair would quadruple. The unit elasticity 
result is extremely unlikely and is undoubtedly the result of estimating the 
model on a very small sample of cross-sectional observations. A larger sample 
of observations taken over time would almost certainly yield improved esti- 
mates of the population effects, which would almost certainly involve expo- 
nents (and hence elasticities) significantly less than one in value (assuming 
that the same function form was used). 


Similarly, the “trip induction” terms in this model are equally suspect. Note 
that a decrease in rail travel time, for example, has three effects in this model. 
It increases rail’s common carrier modal split, since W,ai| Will increase relative 
to W. It also, however, increases the total common carrier demand, both 
through a decrease in T (average common carrier trip time) and an increase 
in W(common carrier level of service). This increase in common carrier 
demand presumably consists partially in shifts in exisiting trips from the car 
mode to a common carrier mode and partially in the generation of new, 
previously unmade trips. Problems with this approach include the following: 


* Without explicitly modelling the car mode, it is very difficult to ensure 
that the “shift from car” effect is being captured properly. 


* The cross-elasticities of common carrier volumes by mode with respect to 
car travel times and costs implied by this model are 0.23 and 0.41, respec- 
tively. That is, they are constant across the three common carrier modes. 
This is an extremely unlikely result. The constant car cost cross-elasticity 
is also implausible. The magnitude of the cost cross-elasticity also appears 
large, at least with respect to urban modelling results, in which (short- 
run) car usage is generally found to be quite cost-inelastic. The increase in 
the car time cross-elasticity with total trip time is a much more plausible 
result, although the appropriateness of the order of magnitude of this 
cross-elasticity is not easy to judge. 
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* The model implies that the total common carrier demand elasticity with 
respect to aggregate level of service (W) is 0.205. This, again, is most likely 
an overestimate of the trip induction effect, again due to estimation of the 
model from a small, cross-sectional data set. It is very unlikely that the 
true, net increase in trips attributable to level-of-service changes can be 
statistically identified from cross-sectional data, since the potential for 
spurious correlations, etc., is simply too great. 


¢ There is no logical constraint in the way that common carrier level-of- 
service terms (that is, 7, Cand W) enter the total demand equation to 
ensure that total demand elasticities have the correct signs with respect 
to level-of-service variables. This is illustrated in Table 3-1, in which zero 
or marginally positive total demand elasticities occur for certain modes, 
service variables and origin-destination pairs. In each case, this result 
implies that increasing the travel time or cost (as the case may be) fora 
given mode results in no loss or even a slight increase in total common 
carrier ridership — a result which can only happen if one or more of the 
unchanged modes gains some new, “induced” riders, over and above - 
those it gains from the mode experiencing the level-of-service change. 
This is clearly an illogical result, but one to which models of this general 
form are particularly prone. 


Ignoring “trip induction” effects, the direct and cross-elasticities of a mode 
i's share of the market with respect to change in level-of-service variable k 
for mode j are given by: 


Lites P,) for k = time or cost [3.5.1] 
Ciik = | 
(B,/F)(1 — Pi) for k = frequency [3.5.2] 
—~BP; for k=time or cost; /#/ [3.6.1] 
—(B/F)P; for k= frequency; j/#/ [3.6.2] 
where: 
By = model coefficient for the kth variable 
P; = modal split for mode / (fraction) 
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F; = frequency for mode i 
Points to note concerning these modal split elasticities include the following: 


* Cross-elasticities are constant across the unchanged modes. For example, 
the cross-elasticity of the air modal split with respect to a change in rail 
service is the same as the bus mode’s split with respect to this same change 
(since equations [3.6.1] and [3.6.2] do not depend on the unchanged 
mode /, only the changed mode )). This is illustrated in Table 3-1, in which 
the cross-elasticities found in any column are the same (marginal differ- 
ences in total demand sensitivities aside). This is generally viewed as a 
rather undesirable property of mode-share models of this nature. As dis- 
cussed in subsection 4.2, this is, however, a property which is common 
to many mode-split models. 


* In general, the model implies that direct elasticities are greatest in magni- 
tude when modal shares are smallest (that is, equation [3.5.1] states that 
Cj, has a maximum value of B when mode /has zero modal share) and 
decrease linearly with increasing modal share. Conversely, cross-elasticity 
magnitudes increase linearly with the modal share of the mode being 
changed (that is, mode j), reaching a maximum when the changed mode 
has 100 percent of the market. The general nature of these relationships is 
intuitively reasonable, although the strict linear nature of the relationship 
between mode share elasticity and mode share may be overly simplistic. 


* Given these elasticity relationships in combination with the very large 
model coefficients in equation [3.3], very high elasticities, especially direct 
elasticities, can be anticipated. This is confirmed in Table 3-1, in which 
the direct-fare elasticities are considerably greater than 1.0 in magnitude, 
and the bus and rail direct-time elasticities are generally greater than 
1.0 in magnitude. 


Table 3-1 
Time AND Fare ELasricimies, CTC Mope 


Montreal-—Toronto 


Effect on 
volume 


Ottawa-—Montreal 


Effect on 
volume 


Toronto—Ottawa 


Schedule time 


Effect on 
volume 
Air 

Rail 


The linearization of the mode-split model involves defining a “base” mode, 
dividing equation [3.2] for each of the “non-base” modes by equation [3.2] 
for the “base” mode and then taking logarithms of both sides, yielding: 


log (MS;/MS,) = log (K;/K,) + a* log (7;/T,) + b* log (C;/C,) + c*(F,/F;) [3.7] 


where the subscript b indicates the base mode, and K;, K,, a, b and c are 
the model parameters to be estimated. 


As shown by Wills (1981), application of ordinary least-squares to equation [3.7] 


will result in biased model coefficient estimates that will vary depending on 
the base mode chosen. Wills demonstrated that a multi-step generalized 
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regression procedure eliminates this bias. The key point, however, is that all 
models which were estimated using this form of linearization and ordinary 
least-squares regression will contain some level of bias and may generate 
unreliable forecast results. 


3.3 INVESTIGATIONS INTO MODEL FUNCTIONAL FORM 


Gaudry and Wills (1978) showed that many of the common intercity model 
functional forms developed to that point represented special cases of a very 
general model form constructed through the use of Box—Tukey or Box—Cox 
transformations of the dependent and independent variables within a gen- 
eral linear regression model. Generalized mode-split and total demand 
equations were eventually estimated for four modes (air, rail, bus, car) 
using 1972 data for 92 Canadian city-pairs. Focussing on the mode-split 
model, the general equation assumed is: 


EXP [Otm, + Lk Ol Cony + rc) 10) 


MS,, = [3.8] 


dim EXP [my + Le Cin + br) 14] 


where MS,, is mode m’'s mode share, the various « terms are model para- 
meters, the u and A terms are the transformation parameters which control 
the specific functional form of the model, and Cin, is the kth explanatory 
variable for mode m. Only three explanatory variables are used in the 
models estimated: the fare, F, the travel time, H, and the frequency, D. 


Various specific models were then estimated involving different assump- 
tions concerning the u and A parameters. In particular, the multiplicative 
model (such as used in the CTC model) is recovered if these parameters 
are all set equal to zero. Similarly, setting the A terms equal to zero and 
the pp terms equal to one yields the standard multinomial logit model (see 
Section 4 for further discussion of this model). 


Table 3-2 summarizes the estimation results for the five models tested, where 
these models have been arranged in order ranging from the most general 
on the left (labelled “TLCS-2”) to most restricted on the right (the “log- 
linear” or multiplicative model and the logit model, which represent differ- 
ent but equally restrictive assumptions on functional form). As indicated by 
the log-likelihood values for the various models (L,(A, u)), the more general 
the model, the better the overall fit of the model. Up to a point this is a 
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straightforward result: the more parameters a model has (that is, the less 
restricted the model), the better it will generally fit a given data set. 


There are, however, at least two points to note with respect to these results. 
The first is that the logit model performs particularly poorly relative to the 
other models. This may reflect the very aggregate nature of the model 
developed, although there is no reason in principle why any of the other 
models could not also be applied at a more disaggregate level as well as 
the logit model, perhaps with similar results. 


Table 3-2 
EstimaTiON RESULTS, SELECTED brake 


0.7288 : ; 1.3910 113.00 
(1.044) ; , (1.695) (3.486) 


0.5087 ; , 1.0136 112.28 
(1.124) : : (1.618) (3.459) 


—0.3085 0. i 0.2516 TVT76 
(-0.793) 5 a2, (0.452) (3.448) 


0.0 : ; 0.0 0.0 
(>) (-) (-) 
=<UiZod —1.8274 —2.2254 —2.9653 
(-14.96) (—17:09) (—18.70) (-—15.57) 


—0.3932 —0.8358 —0.3605 —1.3148 
(—5.105) (—4.596) (—4.144) (-5.576) 


0.4414 13.503 0.1331 0.4221 
(5.067) (5.368) (5.022) (4.607) 


4.7986 
(3.629) 


5.0241 
(4.230) 


4.2821 
(3.761) 


0.0 
(-) 
—1.8164 
(-14.13) 


—0.0153 
(-5.941) 


B.ShTD 
(5.735) 


(Air) O10 


(Rail) Qo 


(Bus) O39 


(Car) O49 


L(A, L) 
ba(A,:ft)— 


Skewness 


Kurtosis 
DF 


Source: Gaudry and Wills (1978). 
Notes: Numbers in parentheses are t-statistics; r2= correlation coefficient; DF = degrees 
of freedom. 
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The second, more general point is that the choice of functional form can 
have a very dramatic impact on the conclusions drawn from the model. 
Table 3-3 presents the market share elasticities evaluated at average sample 
values for fare, time and frequency for the four modes for two of the models 
developed. As indicated in this table, these elasticities can vary dramatically 
as a function of A, which in turn affects the nature of the model functional 
form. Figure 3-1 further illustrates this point by plotting the CLCS-1 fare and 
time elasticities as a function of i. 


“Optimal” values of A for the CLCS-1 and TLCS-1 models are —0.193 and 
—0.266, respectively. 


Linear interpolation of Table 3-3 yields the service elasticity estimates for 
the two models at optimal A shown in Table 3-4. These estimates imply that 
all modes are fare-elastic (with rail and bus modes being very fare-elastic); 
car and air modes are time-inelastic, while rail and bus modes appear to have 
time elasticities between approximately —0.8 and —1.1 (depending on model 
assumed); and all three common carrier modes are frequency-inelastic. 


Gaudry and Wills (1979) continued this general form of investigation into 
model functional form, in this case using a Box—Cox dogit model of the 
general form:'° 


en + 0,2.’ em 


oe , Ge ear en a RED ee) 
(Tt) Onvl ae 


MS,,, 


Vin = Bing * dk Binl (Xin, 7 x) =a 1I/Ax [3.10] 


where the B terms are parameters of the modal utility functions, the u and A 
terms are, as before, variable transformation parameters controlling the over- 
all functional form, and the 6 terms are the dogit parameters that further 
influence the shape of the overall function. In particular, they alter the modal 
cross-elasticities relative to the ordinary logit case. One interpretation of 
these parameters is that they capture “captivity” effects within the trav- 
elling population (that is, a certain proportion of the population may only 
take one mode, regardless of service levels, or may be prevented from taking 
a given mode due to accessibility constraints; for example, people without 
cars generally will not be able to use the car mode for intercity travel). 
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Figure 3-1 
VARIATION IN FARE AND TIME ELASTICITIES WITH FUNCTIONAL Form, GAUDRY AND Wits (1978) 
Mooet CLCS-1 


In| Time 


Mode-split equation: model CLCS-1; absolute value of time elasticities. 


> |n,| Fare 


-1.0 -0.8 -0.6 -0.4 -0.2 0 0.2 0 


_ Mode-split equation: model CLCS-1; absolute value of fare elasticities. 


Table 3-4 
Esrimatep SERVICE ELASTICITIES AT OPTIMAL ), VALUES, SELECTED IMopELs 


i ea a 
CLCS-1 TLCS-1 CLCS-1 TLCS-1 CLCS-1 TLCS-1 


Source: Gaudry and Wills (1978). 


As in the previous study, various special case models (including the multi- 
plicative and logit models) were estimated. Table 3-5 presents the estimation 
results for the six models tested using 1976 observations for 56 Canadian 
city-pairs (all pairs were within approximately 1,000 miles of one another). 
In this case general conclusions include the following: 


¢ The dogit model is only very marginally preferable to the logit model in 
this application. 


¢ Unconstrained use of transformed variables provides little additional 
explanatory power relative to the more conventional untransformed case. 
Moreover, transformations do not alter the dogit-logit comparison. 


¢ There is very little difference between the multiplicative and linear 
exponent (that is, logit) models in terms of model goodness-of-fit. 


These results differ significantly from those reported in the same paper for 
a time-series urban application, in which the dogit model was found to be 
clearly superior to the logit model. The authors speculated that “a minimum 
observed market share of 5% for all alternatives may be a rough [lower] 
bound for the convincing use of logit model the tails of which are often too 
‘thin’ in particular applications.”"' This is perhaps of particular importance 
in intercity applications where rail and/or bus often constitute “minority” 
modes within given travel markets and often are found to be poorly modelied 
by ordinary logit models (see Section 4 for further discussion of this point). 
Dogit models, on the other hand, are specifically designed to have choice 
probability distribution-tail thicknesses which vary to fit the observed behav- 
iour and hence might better capture the behaviour of such “minority” modes. 
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Table 3-5 | 
Esrimarion Resutts, Logit Mopel 


Model variants? 


01 car 10° 10-5 10-7 0.000 0.0 0.0 
89 public 0.039 0.044 0.041 0.000 0.0 0.0 
fare 
Mk time 
frequency 


Ux all variables 


coeff. -2.394 =1.924" 1,090 =T000 ; -1.130 
Fare | t-stat. (-2.34) (—2.90) (—1.04) (—2.06) (—2.90) (—0.95) 
elast.° -0.77/0.59 | -0.89/0.89 | -0.42/0.28 | -0.62/0.45 | -0.77/0.77 | -0.34/0.23 


coeff. —0.2457 =1,093 —10.378 -2.960 =1,02 —-9.485 
Time\ tstat. (-8.43) (—4.67) (—8.40) (9.79) (-5.43) (-9.44) 
elast.° —0.72/1.04 | -0.50/0.50 | -1.09/3.71 | -0.80/1.32 | -0.51/0.51 | -1.08/3.67 


coeff. 
Freq. { t-stat. 
elast. 


L(Q) 
L(Q) — L(o) 


r2(mean)° 
r2(origin)° 
Skewness®@ 
Kurtosis® 
DF 


Source: Gaudry and Wills (1979). 


a. In model names, D = dogit, L = logit, C = constrained, U = unconstrained, M = multi- 
plicative, L = linear exponent. Gaudry and Wills (1979) t-statistics are computed in 
each variant for the given values of 6, \ and u. 


b. The share own and cross-elasticities for alternative 2 (public) are given for market 
shares assumed to be equal. 
c. Calculated on variables transformed by ( and in model format (13)-(14). 


d. Skewness and kurtosis for the distribution of errors. 


More recently, Gaudry (1989, 1990) has continued this comparison between 
logit, dogit and the “inverse power transformation logit,” in which transfor- 
mations are applied to the modal utility functions, rather than to the individ- 
ual variables within these utility functions. This last approach represents a 

fairly economical means of developing a very general functional form, since 
it involves the introduction of only two parameters per mode (one relating 

to asymmetry effects and one to captivity effects with respect to each mode). 


As in the 1978 Gaudry and Wills study, the logit model is found to be inferior 
to the more generalized forms, using 1976 data for 120 Canadian city-pairs. 
In particular, significant asymmetry and captivity effects are found which 
imply that use of an ordinary logit model would under-predict the response 
to significant rail service level changes. | 


Finally, a somewhat similar exercise was presented in Oum and Gillen (1983) 
in which a very generalized utility function (in this case the translog reci- 
procal indirect utility function) was used to derive a system of “average 
expenditure share” functions for five expenditure sectors: aggregate goods, 
aggregate services (excluding intercity travel services), and intercity air, rail 
and bus services. This system of expenditure share functions was estimated 
using Canadian time-series data constructed for the period 1961-1976, for a 
set of assumed parameter restrictions, corresponding to a range of hypotheses 
concerning travel behaviour. 


In assessing these modelling results one should note that this model differs 
in several important ways from all other models discussed in this paper. 
First, the dependent variables are shares of expenditures, not trip shares. 
Second, the model is by far the most aggregate of all models considered in 
this paper in that it considers total Canadian expenditures, without any level 
of spatial disaggregation (for example, by origin-destination city-pair, which 
is the norm in other models considered here). Finally, price is the only modal 
characteristic which enters the model, meaning that the model cannot be used 
to assess the impact of level-of-service changes, impute values of time, etc. 
This also raises the question of the impact of supply-side changes — such 
as changes in travel times, frequencies, etc. — on model results, given the 
extended time period over which the model is applied. 


In general, the estimation results indicated strong support for the most gen- 
eral model developed. In particular, it implied that the intercity travel sector 
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should not be modelled independently of other economic sectors and that 
“the current common use of homothetic functional forms such as log-linear 
models cannot be justified.” 12 


Table 3-6 presents the price and income elasticities computed by Oum and 
Gillen using the generalized model for selected years in their time-series. In 
general, these results indicate that all three modes are price-elastic. They 
also indicate that air price elasticities declined slightly over the study period, 
while rail price elasticities increased at a more significant rate. The negative 
bus cross-elasticities are explained on the basis of the complementary 
nature of this mode relative to the other two (an explanation which leaves 
this reviewer less than fully convinced). 


In summary, the various modelling exercises reviewed in this section all 
point to the need to use more generalized functional forms than those typl- 
cally used in “operational” intercity travel demand models. In particular, the 
“ordinary” multinomial logit model with its large number of fairly rigid 
assumptions concerning functional form, cross-elasticities, etc., seems to 
be routinely dominated by more general model forms. This is a particularly 
important point given, as discussed in the next section, the prominent role 
the multinomial logit model has played (and continues to play) in intercity 
demand modelling. 


The impact of this conclusion, however, is weakened by the unfortunately 
high level of aggregation adopted in every one of the studies cited above. 
The Oum and Gillen study, as already noted, is the most extreme in this 
regard (the omission of the very important car mode from the Oum-Gillen 
model is also potentially troublesome). In general, however, all the models 
reviewed above have not disaggregated the travel market at least into busi- 
ness and non-business travel, typically due to data deficiencies. As is clear 
from the disaggregate modelling results presented in the next section, how- 
ever, this market segmentation into business and non-business travel is 
fundamental to achieving an adequate representation of intercity. travel 
demand, given the clearly different variables, elasticities, etc., associated 
with each of these markets. Further, it may well be that more extensive 
market segmentation (by trip distance, party size, etc.) may also be equally 
important to model development. 
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Thus, the relative importance of using significantly more general functional 
forms in intercity demand modelling will remain difficult to determine until 
the sort of structured hypothesis testing represented by the Gaudry-Wills 
and Oum-Gillen efforts are repeated within richer data sets that permit 
appropriate market segmentation. This would appear to be an eminently 
worthwhile undertaking, particularly since it is so very rarely done with 
“normal” demand modelling efforts which all too typically make relatively 
arbitrary designs concerning model functional form at the outset of the 
modelling process and never revisit or test these assumptions anywhere 
within that process. 


These important caveats concerning model aggregation/market segmenta- 
tion aside, one should not lose sight of the very general, very consistent 
conclusion reached by these studies — that the simple multinomial logit 
model is likely to have difficulty in modelling “minority” (that is, small-share) 
modes and is almost certainly making overly strong assumptions concerning 
the nature of modal share elasticities, particularly cross-elasticities. As is 
made clear by the discussion of multinomial logit models of intercity mode 
choice in the next section, these concerns do seem to be verified by the 
experience gained with these models. As is also discussed in Section 4, 
other generalizations of the multinomial logit model are possible. In general, 
these consist of various forms of “nested” or “structured” decision structures 
that provide more complex elasticity structures while essentially retaining the 
analytical and computational simplicity of the logit model. As is discussed 
in subsequent sections, selection from among these various approaches 
(for example, generalized functional form versus generalized decisions 
structure versus market segmentation) may well require further systematic 
research similar in nature to that reviewed in this section, but applied within 
a broader conceptual context and within a richer empirical environment. 


4, DISAGGREGATE INTERCITY TRAVEL DEMAND MopELs 

4.1 INTRODUCTION 

This section begins with a brief overview in subsection 4.2 of the disaggre- 
gate choice approach to modelling travel demand. Subsection 4.3 then pre- 


sents a summary review of early non-Canadian disaggregate modelling efforts. 
All major Canadian disaggregate intercity mode-split models reported in the 
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literature during the past 20 years are then reviewed in some detail in sub- 
sections 4.4 and 4.5. These models can be grouped into two relatively distinct 
categories: multinomial logit models based on revealed preference data 
(that is, models are estimated using observations of actual mode choices 
made by actual travellers within the intercity passenger system) and “struc- 
tured” binary logit models based on stated preference data (that is, models 
are estimated based on the choices of travellers who have been asked to 
state the choice they would make within a hypothetical but realistic situation). 
Subsection 4.4 discusses the first group (the revealed preference models), 
while subsection 4.5 discusses the second group (stated preference models). 
In addition to the Canadian models discussed in subsections 4.4 and 4.5, 
promising recent U.S. modelling efforts based on both revealed and stated 
preferences are also discussed. 


4.2 OVERVIEW OF DISAGGREGATE CHOICE MODELS" 


As discussed at some length in Section 2, modelling trip-making at the dis- 
aggregate level of the individual trip-maker has many conceptual advantages 
relative to the more traditional modelling of aggregate city-to-city flows. The 
dominant operational disaggregate mode choice model is the multinomial 
logit model which has the general functional form: 


P= evit/ > eVjt [4.1] 
jec, 
Vit = BXit [4-2] 
where: 
Pi. = probability that individual t chooses alternative / from the set of 
feasible alternatives, C,; 
Vii = systematic utility of alternative / for individual t 
Xi = vector of explanatory variables, consisting of attributes of 


alternative / (travel time, cost, etc.) and the decision-maker t 
(income, occupation, etc.) 
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B = vector of model parameters or coefficients (the prime indicates 
the transpose operator, thus B’X;, represents the dot product of 
two column vectors, B and Xj) 


The modal utility function V;,need not be linear in the parameters as shown 
in equation [4.2]. In practice, however, it generally is, since this assumption 
greatly simplifies the model estimation process. Note that X;,can include 
non-linear combinations of explanatory variables (for example, travel cost 
divided by income) as well as dichotomous “dummy” variables (for example, 
equal to one in value if individual t belongs to a given occupation group, 
equal to zero in value otherwise) without violating this linear-in-the- 
parameters property. 


Given equations [4.1] and [4.2], the general forms of logit model mode 
share direct and cross-elasticities can be derived. These are: 


Ci = BX 1 — Pi) } [4.3] 
Ci = —BRX xP; [4.4] 


where Xj, is the value of the kth variable for mode i, and the subscript t denoting 
the individual has been dropped for simplicity of presentation from both 
the X and P variables. 


These elasticities are similar to those found for the CTC model (see subsec- 
tion 3.2), with the additional dependence on the level of the variable being 
changed (that is, X;, or Xi): As with the CTC model, cross-elasticities are 
constant across the “unchanged” modes, and both direct and cross- 
elasticities vary linearly with modal share (ignoring the effect of the X terms) 
in the same way as for the CTC model. Generally, the actual magnitudes of 
the elasticities will depend critically on the magnitude of the product B,X;x. 


The constant cross-elasticity assumption inherent in multinomial logit 
models represents the single biggest weakness of the modelling method. It | 
means that improvement in one mode (or the introduction of a new mode) 
will result in a diversion of trips to the changed or new mode in fixed pro- 
portions from all other modes available. This characteristic is often referred 
to as the “independence of irrelevant alternatives” (IIA) property. One of 
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the simplest ways of expressing the IIA property is to note that the ratio of 
choice probabilities for two modes / and jis given by: 


P,/P;,= eVitleVit = eVit— Vie [4.5] 


That is, the ratio of choice probabilities for any two modes in the choice set 
depends only on the systematic utilities of the two modes and not in any 
way on what other modes are in the choice set or on the characteristics of 
these other modes. In other words, these other modes are “irrelevant” to 
probability ratio (Pj/P%). 


Thus, for example, if the rail mode is upgraded significantly the logit model 
will predict that trips diverted to the new rail service will consist of the same 
proportion of trips from each of the competing modes (presumably car, air 
and bus). The car/air and car/bus probability ratios (or any other ratio com- 

- bination for these three modes) remain constant, as required by equation [4.5]. | 
A real intercity travel market, however, is not likely to behave in this way. In 
practice, the improved rail mode will likely attract greater or fewer proportions 
of trips from competing modes, depending on the price/time/service combi- 
nation offered. (A very high-speed, high-cost rail service presumably might 
divert air trips primarily; a high-speed, moderately priced service might divert 
car trips primarily; etc.) Hence the logit model predictions might significantly 
over- or underestimate modal diversion because of its IIA assumption (or 
equivalent constant cross-elasticity assumption). 


lf this IA assumption proves to be untenable in a given application, then a 
more complex choice model is required. In current practice this typically 
means using some form of structured or nested logit model. These models 
are discussed in more detail in subsections 4.4.6 and 4.5, where examples 
of intercity passenger demand models of this form are presented. 


Generally, coefficients or parameters of multinomial logit models are statis- 
tically estimated using maximum likelihood estimation (MLE) based on the 
observed choices made by a sample of actual trip-makers within the system 
being modelled. This sample can be drawn either from travellers found 

on each mode in the system (that is, a random sample is drawn from rail 
passengers, bus passengers, etc.) or from a set of households or individuals 
selected at random from the population at large (in which case information 
about the household’s recent intercity travel behaviour is usually obtained). 
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In the first case, the choice-based sample must be weighted appropriately 
to obtain unbiased model parameter estimates (Manski and Lerman, 1977). 
Subsections 4.3 and 4.4 discuss various models which have been developed 
with revealed preference data and include ones developed using both 
choice-based and household-based survey data. 


As briefly noted in the introduction, disaggregate models can also be 
estimated using stated preference data obtained by asking a selected group 
of people to make choices within hypothetical choice contexts. For example, 
“ifthe relative times, costs, etc., for these two modes were such and such, 
which mode would you choose?” Subsection 4.5 reviews the historical evo- 
lution of Canadian models based on stated preference data. These models 
are of particular importance to this report since they represent the main 
method used by VIA Rail during the past decade to project intermodal 
competition within the Canadian intercity travel market. 


4.3 SUMMARY OF EARLY NON-CANADIAN MODELS" 


Perhaps the earliest application of the multinomial logit model to intercity 
passenger mode choice modelling (although using aggregate data) is by 
Ellis et al. (1971). Watson (1972, 1974) developed a rail versus car, binary logit 
model for the Glasgow-Edinburgh corridor, while Leake and Underwood 
(1978) developed rail versus air, binary logit models for work and non-work 
purposes for the London—Manchester and London-Glasgow corridors. Para- 
meter values for the two corridors were found to be quite similar, except 
that a positive rail bias existed in the London—Manchester corridor, whereas 
an air bias existed in the longer London-—Glasgow corridor. Binary logit models 
comparing rail individually with car, bus and air were developed for the 
Buffalo—Albany—New York City corridor and then combined to estimate rail 
ridership impacts of energy-related transportation policies (Cohen et al., 1978). 


One of the first applications of disaggregate multinomial logit models to 
intercity passenger mode choice was the Stopher and Prashker (1976) 
model, developed using the 1972 National Travel Survey (NTS). Although 
statistically significant, plausibly signed parameter estimates were obtained 
for business and non-business models. Counter-intuitive elasticities and 
very poor replication of mode shares in selected corridors were also obtained. 
These poor results were blamed on the data base used although, as 
Koppelman et al. (1984) pointed out, model specification problems also 
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appear to have existed. In particular, the level of service variables were all. 
expressed as ratios relative to average values. This appears to be a holdover 
from some of the earlier aggregate model formulations, with little behav- 
ioural rationale, especially within a disaggregate logit model formulation. 


Grayson (1981) achieved significantly improved results using the 1977 NTS 
data and an improved model specification (for example, inclusion of income 
and deletion of the relative value formulation of service variables). 


Stephanedes et al. (1984) estimated a three-mode model (bus, plane and 
car) for the Twin Cities-Duluth corridor. This model had very high alterna- 
tive specific constants and generated very high bus travel time and fare 
elasticities (-2.0 and —4.0, respectively). Again, these results can be attributed 
to methodological weaknesses in the model’s development — in this case 
including the use of a very small, non-random sample and the mixing of 
reported and estimated service variables (for the chosen and unchosen 
modes respectively). 


Finally, Morrison and Winston (1983) developed the first nested logit model 
~ of intercity passenger travel choice. It consisted of three stages: destination, 
mode and the decision to rent a car at the destination end. Data from the 
1977 NTS were used to estimate the model. A more detailed discussion of 
the nested logit model is presented in subsection 4.4.6. 


4.4 CANADIAN REVEALED PREFERENCE MODELS 


Five multinomial logit models of Canadian intercity passenger mode choice 
have been developed and reported in the literature over the past 20 years. 
These are (in chronological order of model development): 


* the TDA model, developed for the Ottawa—Montreal corridor using 1972 
survey data specially collected for the project; 


* the Ridout-Miller model, developed using the 1969 CTC data base for the 
Windsor—Quebec City corridor; 


¢ the Wilson et al. model, developed using 1984 Canadian Travel Survey 
(CTS) data for Canada-wide intercity travel; 
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¢ the Abdelwahab et al. model, developed using the same 1984 CTS data 
base as the Wilson et al. model; and 


¢ the PM model, developed by KPMG Peat Marwick for the Ontario/OQuebec 
Rapid Train Task Force using 1988 VIA Rail data for the Windsor-Quebec 
City corridor. 


Each of these models is discussed in the following subsections. In addition, 
Koppelman’s work at Northwestern University through much of the 1980s is 
representative of recent U.S. efforts in this area and is reviewed in some 
detail subsection 4.4.6. 


4.4.1 The TDA Model’ 


This model was developed specifically for the Ottawa—Montreal corridor 
using 1972 data specially collected for the study. The mode choice data 
were collected using on-board surveys for the air, rail and bus modes and 
a roadside interview for the car mode. The project report does not contain 
any discussion of the weighting procedure used to adjust logit model 
estimation results for the choice-based data collection approach used. 


This study’s most significant contribution relates to the very detailed sta- 
tistical examination of the role a wide range of service variables play in 
explaining intercity mode choice (at least in 1972 in the Ottawa—Montreal 
corridor). The on-board and roadside surveys collected information on a 
wide range of modal service characteristics and the attitudes and percep- 
tions of the trip-makers with respect to these characteristics. Prior to devel- 
oping the multinomial logit model, an intensive analysis of these data was 
undertaken. This included factor analyses to determine the primary dimen- 
sions affecting modal choice; discriminant analyses to determine the variables 
which best discriminate, or identify, users of each mode; and contingency 
table, regression and linear programming analyses designed to check the 
discriminant analysis results. General conclusions from this study include 
the following: | 


¢ The self-reported rankings of how important 24 different variables were in 
influencing the choice of mode of travel, based on the percentage of “very 
important” or “fairly important” responses for each variable, are as shown 
in Table 4-1. 
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« Factor analyses of these importance rankings and the ratings of all 
four modes with respect to 18 modal attributes indicate that the two most 
important factors in modal choice are a “comfort” dimension and a “time 
and schedule” dimension. 


* Discriminant analyses indicate that many of the variables which best dis- 
criminate between modal groups are often not ranked highly in importance 
by travellers. For example, by far the best three discriminating variables 
overall were “availability of car at destination” (ranked eighth overall in 
importance), “able to work en route” (ranked 18th overall in importance) 
and “availability of food” (ranked 11th overall in importance). Conversely, 
“safety” (ranked fourth in overall importance) had the fourth lowest 
discriminant coefficient of the 24 variables considered. (It is noted that 
75 percent of the market analyzed belongs to the car mode, by far the 
least safe of the available modes.) Similarly, the three highest ranked 
variables, “schedule,” “confidence of arriving on time” and “travel time,” 
possessed discriminant coefficients which were half the magnitude of the 
three best discriminating variables listed above. 


¢ Starting with the 18 modal attributes mentioned in the second point above, 
plus a wide range of time, cost and frequency measures, the best-fitting 
logit models for business and pleasure trips were found to consist of: 


access plus egress time; 


perceived door-to-door time (ranked from “very poor” to “very good” 
using a seven-point scale); 


perceived convenience of departures (seven-point scale); and 


— door-to-door cost per person (for the “pleasure” model only). 


- No attempt was made within the study to investigate the effect of traveller 
socio-economic characteristics (income, etc.) on intercity modal choice. 


Table 4-1 
Rank ORDERING OF Factors Arrectinc Mope Cxoice, TDA Stupy 


Schedule 

Confidence of arriving on time 
Travel time 

Safety 

Minimum of advance arrangements 
Fatigue 

Sitting comfort 

Car at destination 

Ability to relax en route 
Freedom from noise 

Food availability 

Cost 

Privacy 

Ease of luggage handling 
Pleasant interior 

Credit card 

Car left for family 

Work en route 

Special smokers’ section 
Personalized service 


NR = = = — = — = = = = 
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21 Terminal comfort 

22 Amount of luggage 

23 Seeing the country 

24 Meeting interesting people 


4.4.2 The Ridout-Miller Model"® 


This model was developed using the 1969 CTC data base for common carrier 
usage in the Windsor—Quebec City corridor. This choice-based data base 
required appropriate weighting of the observations during the parameter 
estimation process. As has been discussed, it did not contain any informa- 
tion on car trips (the single biggest component of the corridor’s travel), thus 
limiting the ultimate policy sensitivity of the model. The main objectives of 
this modelling exercise were to gain experience in the application of disag- 
gregate logit models to the intercity mode-choice problem and to investigate 
differences in travel behaviour across different trip purposes. 


Given the latter objective, three models were developed, one for each of 
the following trip purposes: business, pleasure (combination of visit friends 
and relatives, vacation, and shopping and entertainment), and personal 
(combination of personal business and other). A wide variety of functional 
specifications were investigated for each model. Table 4-2 summarizes the 
results of this model estimation exercise in terms of the variables included 
in the final “best” specification of each model'’ and the model parameter 
values estimated for each variable in each model. Note that the systematic 
utility functions for each of the modes in the model can be recovered by 
adding together each of the variables defined in Table 4-2(a), multiplied by 
their associated parameter values in Table 4-2(b). Thus, for example, the 
rail-mode utility function in the business model is given by: 


V..., = 0.2032 - 0.01442*ACC — 0.004578*EGR — 0.03507 *(FARE/INC) 
— 0.04029* TIMER + 0.6755*dp [4.6] 


where all variables are as defined in Table 4-2. 


Table 4-2 indicates that major differences exist in the functional forms 
found to best fit the data for the three models. These include the treatment 
of access and egress times, in-vehicle time, frequency and occupation. In 
other words, the way in which people evaluate the competing modes and 
hence how they choose a mode, appears to differ significantly from one trip 
purpose to another. This is over and above the differences in parameter 
values found for a given variable for each of the trip purposes. 


Table 4-2 shows that the models best fit the data when a composite fare 
divided by income term is used. This implies that fare elasticities vary sys- 
tematically with income level (certainly not an unreasonable proposition), 
given by the following modified versions of equations [4.3] and [4.4]: 


eP 
fi, fare 


(Yp/Y)F;(1 — P) [4.7] 


eP 
ii, fare 


—(yp/Y)F,P, | — «((4.8) 


where p denotes the trip purpose, Y is the trip-maker’s income (in this case 
represented by an index that ranges from 1 to 9 — low to high — in value), 
and F; is the fare for mode /. 
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Given the estimated coefficient values, pleasure and personal travellers 
have cost elasticities which are 9.1 and 7.5 times greater, respectively, than 
the cost elasticity for business travellers for comparable values of modal 
service levels and traveller characteristics. These results are qualitatively 
consistent with prior expectations (that is, business travel should be much 
less cost sensitive than other types of intercity travel). 


Again, consistent with prior expectations, pleasure and personal travellers 
are found to have travel time elasticities with a smaller order of magnitude 
than business travellers using the air mode (0.097 and 0.12 times smaller, 
respectively) and three to four times smaller than business travellers using 
the rail or bus modes (0.26 and 0.32 times smaller, respectively). This, in 
turn, implies that air business travellers have time elasticities that are over 
two and one half (2.67) times as large as bus and rail business travellers — 
again a reasonable result. 


Table 4-2 
Estimation Resutts, Rioout-Miter MobEL 


(a) Independent variables 


Access distance (km) 


Level of service 


variables Egress distance (km) 
(for mode M; Fare (dollars) 
M=A,R,B In-vehicle time (h) 


Frequency (vehicles/day) 
Air travel distance (km) 


for air, rail bus) 


Household income 
Age of respondent 
Sex of respondent 
Occupation of respondent 
Industry of respondent 

Education level 


Socio-economic 
variables 


1 for car mode; 0 otherwise 
1 for rail mode; 0 otherwise 
1 if the traveller is in the manufacturing, 
construction, retail or wholesale 
industry, for the air mode; 0 otherwise 
1 if the traveller is in the finance, insurance, 
real estate, or “other” industry, for the air 
mode; 0 otherwise 
1 if the traveller is in the medical or government 
services, for the rail mode; 0 otherwise 


Alternative-specific 
variables 


Table 4-2 (cont'd) 
Esrimarion REsutts, RipouT-IMiter MopeL 


(b) The final models 


Pombo [Rinse [Peers [Pom 
Dp 


0.3391 
Dr 2.2032 
ACC/DIST 
ACC 0.01442 
ACC, /DIST 
ACCpr/DIST 
ACCg/DIST 
EG/DIST 

~0.06210 (6.85) 
-0.004578| (0.61) 
0.03612 (2.75) 


FARE/INC —0.03507 (8.61) (11.73) —0.2616 
TIME —0.01044 (10.76) —0.01275 
TIME, —0.1075 (7.91) 

TIMER —0.04029 (15.60) 

TIME, —0.04029 (15.60) 

log (FREQ) 


0.8612 (6.99) 
0.2715 (2.88) 
0.6755 (5.16) 


observations 
No. of cases? 


a. The number of cases equals the number of unchosen alternatives for each 
observation, summed over the total number of observations. 


If Ojp and Yip are the time and fare parameters for mode /and purpose p, 
respectively, then the Ridout-Miller model implies that the value of time 
VOT;, (1969 Can.$/hour) for travellers using mode j for purpose p is given by: 


VOT jp = (Otip/Yip)* Y [4.9] 


Given the model parameter values shown in Table 4-2, equation [4.9] implies 
VOTs that range from $3.07 to $27.63 for air business travellers (as income 
ranges from the lowest to highest category), $1.15 to $10.35 for rail and bus 
business travellers, and $0.03 to $0.30 and $0.05 to $0.44 for pleasure and 
personal purposes, respectively. 
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As discussed in Ridout and Miller (1989), the lack of a significant, correctly 
signed frequency term in the business model is certainly unexpected and 
disappointing, but is most likely due to the relative invariance in observed 
frequencies in the estimation data set, especially given the extent to which 
Toronto—Montreal trips dominate the business trip sample. 


This lack of sufficient variability in obServed modal service variables is a 
recurring problem in intercity demand modelling using revealed preference 
data, due to the relatively small number of origin-destination pairs in most 
corridor-oriented data sets. For example, the CTC data set originally had 

34 city-pairs; Ridout and Miller were able to use only four of these city-pairs 
due to lack of disaggregate access/egress information for other cities in the 
corridor. This lack of variability is also due to the fact that most level-of- 
service attributes vary only on a city-pair basis and not from observation to 
observation for a given city-pair. The Koppelman model discussed in sub- 
section 4.4.6 below manifests similar data-related problems in that the busi- 
ness model also fails to achieve a correctly signed, statistically significant 
frequency term. In addition, Koppelman was forced to estimate cost and 
travel time terms jointly by constructing a “generalized cost” term using 
assumed values of time to avoid collinearity problems largely caused by 
this lack of variability. 


The final point to note from Table 4-2 is that despite extensive investigations, 
socio-economic variables (over and above income) play little role in explain- 
ing modal choice within the corridor. In particular, the occupation-related 
variables included in the business model appear to have little substantive 
theoretical rationale. 


Two final points should be made with respect to this model. First, examina- 
tion of prediction success tables constructed by comparing the model’s 
expected predicted mode choices for the sample versus the actual observed 
choices indicates that the model is unable to distinguish effectively between 
the rail and bus modes, which typically have very similar travel times and 
costs for most observations. Indeed, on several links the rail service typically | 
may cost more, provide less-frequent service and take approximately the 
same time and yet attract a higher modal share than the competing bus ser- 
vice. This phenomenon is reflected in the relatively large modal constant for 
rail in each of the models developed, which indicates that the observed rail 
mode split is underestimated by the model based on the variables included 
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in the model (essentially travel time, cost and frequency). This observed 
modal split depends in a systematic way on other factors not included in 
the model. 


The second point is that the overall goodness-of-fit of these models is not 
very good. The expected percent right and p? values for the business model 
look very impressive, but ultimately these are a function of the fact that 

the air mode dominates the business market in this sample and hence the 
model can achieve a good fit by predicting that most trips go by air, without 
really discriminating between the various modal usages that actually occur. 
The corresponding statistics for the pleasure and personal modes are quite 
low by normal logit model standards (a comparable urban mode-split 
model — if such a comparison is meaningful — might be expected to have 
a p2 of the order of 0.35 to 0.40 and an expected percent right of 60 or 
better’8). These low goodness-of-fit statistics indicate that there is consider- 
able uncertainty relating to modal choice which has been left unexplained 
by these models. 


4.4.3 The Wilson et al. Model’? 


This model is estimated using 1984 Canadian Travel Survey (CTS) data. CTS 
is a home interview survey conducted periodically since 1977 by Statistics 
Canada to collect information on long-distance travel behaviour of Cana- 
dians. Wilson et al. used the 1984 survey data to develop four-mode models 
(air, rail, bus and car) for eastern and western Canada (Thunder Bay is the 
westernmost city included in the eastern region) for business and non- 
business trip purposes. (Models, however, are only reported for the eastern 
business and western non-business Cases.) 


Table 4-3 presents the variable definitions and coefficient estimates 
obtained for the eastern business model and the western non-business 
model, while Table 4-4 compares the results for the eastern business model 
with those obtained in the Ridout—Miller business model. From Table 4-4 it 
can be readily seen that the Wilson et al. model has a very different func- 
tional specification from the Ridout-Miller model.2° Perhaps the most striking 
of these differences is that in the Wilson et al. model, income enters as an 
alternative-specific, stand-alone variable rather than interacting with travel 
cost (as in the Ridout—Miller model). These two approaches represent quite 
different hypotheses with respect to the effect of income on modal utilities 
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and, hence, choices. The alternative-specific variable approach represents 
income as generating a “bias” between the various modes that varies with 
income (that is, it alters the values of the modal constants across individuals 
as a function of their incomes), but assumes that the traveller’s sensitivity 
to travel cost per se remains unchanged as income varies. 


Table 4-4 
ComparISON OF RipouT-IiLuer AND Witson ET AL. Business MopeLs 


Constants 


Bus a3 16.592 (4.18) 
Rail 0.2032 (1.64) 18.016 (4.20) 
Air -0.3391 (1.793) 157382" 4(3,55) 


Access distance (km) -0.01442 (2.408) 


Egress distance (km) 


Air —0.0621 (6.846) 7 
Rail —0.004578 (0.612) +s 
Bus -0.03612 (2.75) a 


-166.285 (—1.86) 


Travel time/distance (generic) 
Travel time 


Air -0.1075 (7.914) eer 
Rail —0.04029 (15.60) <— 
Bus —0.04029 (15.60) Co 


-15.084 (-2.00) 


0.018 (4.27) 


Travel cost/distance — 

Fare/income —0.3507 (8.606) 

Frequency — 

Dummy for employment in 0.8612 (6.992) 
manufacturing 

Dummy for employment in 
finances and other services 

Dummy for employment in 
medical and government 
services 

Household income 


0.2715 (2.282) 


0.6755 (5.163) 


Bus ~0.0000273 (0.96) 

Rail ~0.0000488 (-1.39) 

Air -0.0000488 (2.34) 
Ge 0.538 


Notes: Numbers in parentheses are t-statistics values; dummy variables = 0 or 1. 


This means that fare elasticities will still vary with income, but ina much 

less dramatic way than in the Ridout—Miller model. That is, equations [4.3] 
and [4.4] can be used to compute fare elasticities, with changes in income 
(holding all other factors constant) changing the P; or P; terms (that is, the 
modal share probabilities). The change in elasticity with respect to income 
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is much lower than in the Ridout-—Miller model, for which equations [4.7] 
and [4.8] apply, and in which income enters the elasticity equation directly, 
as well as having an indirect effect via the probability terms. Further, the 
direction of the elasticity change with respect to income depends on the rela- 
tive values of the modal income parameters. Given the parameter values 
shown in Table 4-3, rail and bus fare elasticities actually decline very slightly 
with increased income, while air fare elasticities increase slightly with income. 
While one cannot reject this result out of hand, it is not clear that it is con- 
sistent with reasonable a priori expectations concerning the effect of income 
on fare elasticities. 


For similar reasons, the Wilson et al. model generates a constant value of 
time per model (that is, one which does not vary with income). These times, 
for the two reported models, are $11.02 (1984 Can.$) and $0.003 (1984 Can.$) 
for the eastern business model and western non-business model, respec- 
tively. The business value of time certainly cannot be rejected out of hand; 
however, the non-business result is surely unreasonable. 


The Wilson et al. model interacts both travel time and cost with trip distance. 
In each case, the relative sensitivity to travel time and cost decreases as dis- 
tance increases (although these sensitivities vary in the same way with 
distance so that the value of time does not vary with trip distance). This is 
not an illogical result, especially given that the differences between modal 
service characteristics determine logit model probabilities. In other words, 
the Wilson et al. model indicates that a given difference in the travel times 
or costs between two modes becomes less critical to the modal choice pro- 
cess as trip distance increases (that is, a five-minute travel time difference is 
less important for a trip of 1,000 kilometres than for a trip of 100 kilometres) 
— again, a not unreasonable result a priori. 


As with the Ridout—Miller model, socio-economic variables other than income 
did not improve the model's fit of the observed data. Similarly, various 
“dummy” variables (that is, variables that equal either zero or one) designed 
to capture effects such as party size, weekend travel, trip duration and 

trip distance failed to make a significant contribution to the modei (a not 
inconsistent result to the TDA model findings). 


Table 4-5 presents prediction success tables for the two reported models. 


The results are similar to the Ridout—Miller findings in that the models do a 
very poor job of predicting rail and bus mode shares. In this case they appear 
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to predict virtually zero mode shares — a very poor result indeed! Rail and 
bus modes are clearly “minority” modes in both models (representing, col- 
lectively, only 11 percent and 6 percent of the trips in the two samples). It 
has often been found that multinomial logit models perform poorly in the 
prediction of minority modes. 


This problem is compounded by the household-based sampling method 
used. It results, first, in relatively few usable observations overall (in this 
case 141 and 756, respectively) and, second, in very few observations of 
minority-mode choices. These problems can be alleviated through use of 
the choice-based, on-board survey approach (as used in collecting the 
CTC data base), since both larger samples can be efficiently gathered and 
minority modes can be oversampled in a statistically valid manner. As is 
clear from the Ridout and Miller results, sampling methodology alone is 
not sufficient to resolve the rail-bus prediction problem. 


Table 4-5 
PrepicTION Success TABLES, WILSON ET AL. MobEL 


Row total 
(observed | Observed 
trips) | share (%) 


Prediction success table for business trip model: eastern region 


Car” 

Bus? 

Rail 

Air® 

Column total 
(predicted trips) 

Predicted share (%) 

Percent correctly 
predicted 


Car® 
Bus? 
Rail? 
Air? 

Column total 
(predicted trips) 
Predicted share (%) 

Percent correctly 


predicted 
a. Number of predicted trips by each mode. 
b. Number of observed trips by each mode. 
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4.4.4 The Abdelwahab et al. Model2' 


This model, like the Wilson et al. model, was developed using the 1984 CTS 
data. Twelve models in all were developed — one model for each of recre- 
ational travel, business travel, short-distance travel (less than 960 kilometres) 
and long-distance travel, each estimated for eastern Canada (Thunder Bay 
and east), western Canada (west of Thunder Bay) and Canada as a whole 
(representing the combination of the first two models). A common set of 
variables was estimated in each of the 12 models, with the exception that 
the recreation and business purpose models had a dummy variable captur- 
ing the short/long-distance categorization, while the short- and long- 
distance models similarly had a dummy variable capturing the 
recreation/business purpose categorization. Table 4-6 defines the variables 
used in the final model specification adopted, while Table 4-7 presents the 
model estimation results obtained for the 12 models tested. 


The primary purpose of developing these models was to test the spatial trans- 
ferability of intercity, multinomial, logit mode choice models. Visual compar- 
ison of the various western and eastern models indicates that the parameter 
estimates for corresponding models between the two regions vary. More 
formal statistical tests show that, even after updating model parameters 
before applying them to another region,?2 eastern region models are not 
generally transferable to western region models, and vice versa.2? These 
results are generally consistent with results found in the intra-urban case, 

in which transferability is rarely accomplished, except in the case of very 
similar cities possessing very similar transportation systems, etc.24 


Table 4-6 


DEFINITION OF EXPLANATORY VARIABLES, ABDELWAHAB ET AL. MODEL 


Explanatory 
variable 


BUS-DUMMY 
RAIL-DUMMY 

| AIR-CDDUMMY 
TD 


CD 
DISINC 


DD 


PASSNITE 


PCON 


Table 4-7 


Description 


Dummy variable which is equal to 1 if bus is chosen and 0 otherwise 
Dummy variable which is equal to 1 if rail is chosen and 0 otherwise 
Dummy variable which is equal to 1 if air is chosen and 0 otherwise 


Travel time (including terminal, wait and transfer times) in minutes 
divided by trip length in miles 

Travel cost (including overnight cost) in cents divided by trip length 
in miles 


Disposable income = household income ($000) divided by number of 
people contributing to household income 


Trip length dummy variable which is equal to 1 if the trip is short and 
chosen mode is bus or rail or the trip is long and chosen mode is 
car or air, and 0 otherwise 


Trip purpose dummy variable which is equal to 1 if the trip is recreational 
and chosen mode is car or the trip is business and chosen mode is bus, 
rail or air, and O otherwise 


Number of nights spent away from home divided by number of people 
on the trip 


Number of working household members 


Esrimarion RESULTS, ABDELWAHAB ET AL. MODEL 


Explanatory | 


variable 


BUS-DUMMY 
RAIL-DUMMY 
AIR-DUMMY 


DISINC 
DD 

PD 
PASSNITE 
PCON 


(a) Nationwide models 


Recreational Business 
travel travel 


-0.68 (-0.35) 24 (2.21) 0.56 

a= o -6.41 (-6.18) ae. — 
=3.85)(=1.73) -7.36 (-6.49) -3.86 (2.31) 
-3.08 (4.55) -3.57  (-7.66) -3.50 (-5.12) 
—0.037 (1.60) -0.15 (-7.37) 0.01 (0.20) 

0.053 (1.40) 0.092 (5.04) 0.0009 (0.00). 
-2.46 (-3.39) 


(0.00) 


Ti33 
1.62 
—0.15 


(3.00) 
(1.03) 
(-0.30) 


5.36 
—0.55 
0.40 


(3.16) 
(-2.06) 
(1.57) 


0.46 
0.20 


(0.79) 
(0.33) 


—326.46 

1,614.56 
0.7172 

1,465 


Table 4-7 (cont'd) 
EsTIMATION RESULTS, ABDELWAHAB ET AL. [MODEL 


(b) Eastern region models 


Explanatory Recreational Business _ Short Long 
variable travel travel travel travel 


BUS-DUMMY 
RAIL-DUMMY 
AIR-DUMMY 
igh, 

CD 

DISINC 

DD 

PD 

PASSNITE 


—116.02 
541.582 
0.7000 
615 


BUS-DUMMY 5.50 1) 621579 —2.20 (-0.63) 0.17 (0.10) 
RAIL-DUMMY -8.89 (-5.01) -> st —s oe 
AIR-DUMMY -9.44 (-5.13) -3.11 (-0.89) -6.10. (—2.10) 
TD —4.14 (-5.11) -0.98 (-1.99) -3.65  (-2.71) 
CD -0.23  {(-7.19) -0.096 (-3.11) -—0.015 (-0.17) 
DISINC 0.081 (2.14) 0.11 (1.63) 0.056 (0.81) 
DD -2.71 (-3.09) -1.89 (-2.65) 

PD 209). 1.99) 


PASSNITE —0.545 (—1.50) —0.057 (-0.10) 0.85 (0.30) 
0.627 (147.99) 0.71 (0.69) 0.54 (0.52) 


a. ~ Sample size limitations — rail mode not included in this model. 


Note: Numbers in parentheses are t-statistics values. 


4.4.5 The Peat Marwick (PM) Model?° 


This model was developed by KPMG Peat Marwick for the Ontario/Quebec 
Rapid Train Task Force using 1988 survey data collected by VIA Rail for its 
1989 review. It used the same data base as the HORIZONS model discussed 
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in subsection 4.5 below. The model developed is a four-mode (air, rail, bus, 
car) multinomial logit model, disaggregated by business and non-business 
trip purposes. 


Table 4-8 presents the model parameter estimates for the two models 
developed. As with the previous two models, one of the key features of 

the PM model is its treatment of income, which varies yet again from the 
two previous approaches. In this model, travellers were split into two groups 
on the basis of their income (“low,” less than $30,000; “high,” $30,000 or 
more), where income is:expressed in 1988 Canadian dollars. Separate 
access/egress time and run-time parameters were then estimated for each 
income group for each trip purpose. This assumed that all other parameters 
in the utility functions (notably the cost parameter) were, on average, the 
same for the two income groups. Points to note concerning this approach 
to incorporating income effects within the model include the following: 


¢ Value of time varies in this model with trip-maker income. Table 4-9(a) 
summarizes the values of time implied by this model by income level, trip 
purpose and time component. 


¢ As with the Wilson et al. model, fare elasticities only vary with income 
(holding all other factors constant) to the extent that the modal probabili- 
ties change. This only occurs when income changes from below $30,000 
per year to above. Otherwise, fare elasticities do not change with income. 


Table 4-8 
Estimation Resutts, PM MobeL 


Parameter value 


Variable Non-business 


Rail constant 

Air constant 

Bus constant 

Cost 

Access time — low income 
Access time — high income 
Run time — low income 


Run time — high income 
Frequency 

Large city — rail 

Large city — air 

Large city — bus 

Group 


Tables 4-9(b) and 4-9(c) provide point elasticities calculated from the PM 
model for the Toronto—Montreal route, based on data provided in Peat 
Marwick (1990). Points to note from Table 4-9 include the following: 


As with all simple logit models, the cross-elasticities shown are constant 
across competing modes. The numbers shown represent this constant 
cross-elasticity for a change in fare or run time for the mode shown. For 
example, the PM model implies a cross-elasticity for a change in rail fare 
for low-income business trips of 0.44. As is discussed at length through- 
out this review, the constant cross-elasticity assumption of the logit 
model renders these cross-elasticities somewhat suspect. 


All modes are cost-elastic in this model except the car mode for non- 
business purposes. 


This model indicates that low-income travellers are time-inelastic across 
all modes. High-income travellers are time-elastic for the rail and bus 
modes (regardless of trip purpose) and for the car mode for business trips. 


Air-based business trips have fare cross-elasticities considerably greater 
than 1.0, a result which appears somewhat counter-intuitive. 


Car-based fare cross-elasticities tend to be near 1.0 in magnitude. Non- 
business, high-income car-based time cross-elasticities also tend to be 
greater than 1.0 in magnitude. If these cross-elasticities can be trusted, 
they imply that common carrier usage on the Toronto—Montreal route is 
sensitive to both car time and cost. 


With the exception of the above-mentioned two cases, the cross-elasticities 
shown are quite small in magnitude. 


Two factors not found in the Wilson et al. model that are designed to 
explain the car/common carrier competition over and above travel time, 
cost and frequency effects are the large city and group dummy variables.*° 
While the parameters for these variables have expected signs, the statistical 
and, more importantly, numerical significance of these terms implies that 
further categorization of the market may well be required to properly specify 
the decision processes at work in the Windsor—Quebec City corridor. 


Table 4-9 
VALUES OF TIME AND ELasTiciTiEs, PIM MobEL 


(a) Values of time ($/hour) 


Business High 75 25 
Low 48 7 
Non-business ~ Sktigh 37 13 
Low 22 3 

‘(b) Fare elasticities, Toronto—Montreal? 


Direct elasticities . Cross-elasticities 
| Rail | Air | Bus | Car 


Business 
Low income 
High income 


Non-business, 

non-group 
Low income 
High income 


Non-business, 
group 

Low income 

High income 


Business 
Low income 
High income 


Non-business, 

non-group 
Low income 
High income 


Non-business, 
group 

Low income 

High income 


a. Calculated using data provided in Exhibit Il-11 (Peat Marwick 1990). 


In particular, note that the net bias of non-business group travellers to non- 
large cities is virtually —3.0 for both the rail and bus modes (—2.948 for rail, 
—3.003 for bus; obtained by adding the modal constant to the group variable 
parameter). This means that for either of these modes to be preferred to 

the car mode they would have to be $72 cheaper than the car mode or save 
341 minutes in run time relative to the car (assuming the high-income case; 
multiply by 4.0 for the low-income case) or some combination of these 

two cases. Similar comparisons can be constructed for access time and fre- 
quency effects. Since rail and bus costs and frequencies are worse than car 
costs and frequencies (especially for a group), and rail and bus times are 
comparable, one can expect rail and bus choice probabilities for this group 
to be approximately e-?-° or 0.05 times the car choice probability value. 
Although more difficult to evaluate in the abstract, the air mode is likely to 
be similarly uncompetitive for this category of travellers, given that the very 
high cost of the mode (especially on a group basis) is likely to more than 
compensate for its smaller run times and slightly smaller modal constant. 
(Also note that air access times are likely to be larger than rail and bus 
access times for this category of traveller as well.) 


Given this result it may well be the case that the non-business travel market 
should be further divided into group trip-makers and individual trip-makers. 
At a minimum, these two categories of travellers likely have quite different 
utility functions in terms of relevant variables and their parameter values. 
Even more fundamentally, they may also have very different choice sets 
from which they are making their choices. In particular, group non-business 
travellers between smaller cities may be effectively “captive” to the car 
mode (at least those with access to a car), regardless of whether or not 
common carrier modes are objectively available to them. If this is the case, 
then group travellers should be separately analyzed from other types of 
travellers, and their inclusion in the overall non-business market simply 
obscures and confounds the relationships which exist within this market. 


Similar points can be made with respect to the large-city dummy variables, 
which significantly reduce the magnitudes of the net bias for each mode. (In 
the case of the air mode for business travel, the large-city variable actually 
changes the sign of the air bias term from negative (relative to car) to posi- 
tive.) This might again point to the existence of two travel markets: a large- 
city market, in which the four modes compete on a more even basis, largely 
as a function of their relative modal service characteristics, and a small-city 
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model, in which people are predisposed to the use of the car for reasons that 
go beyond the measured time, cost and frequency values of the competing 
modes. Alternatively or in combination with this, it might imply some prob- 
lem in the definition of modal service variables and/or modal availability 
(that is, choice sets) for small cities within the model’s data base. 


This discussion of the implications of large dummy variable and modal 
bias parameter values raises the more general question of the role of modal 
bias (or alternative-specific constant) terms in models such as the multi- 
nomial logit model. They are intended to capture the “all else being equal,” 
systematic preferences shown by travellers for the various modes; that is, 
they capture systematic effects of modal or personal characteristics that 
affect mode choice but which are not otherwise explicitly captured within 
the model (typically these factors might include comfort and convenience 
effects, safety, reliability, etc.). Such bias terms must be included in “ranked 
alternatives” models such as logit mode choice models to avoid creating a 
bias in other parameters in the model.2’ Ideally, one hopes these terms prove 
to be numerically small in value, even if they are statistically significant. In 
practice, however, they are often numerically large, relative to other terms 
in the modal utility functions. 


The PM model is typical in this respect, with all but the air business constant 
being both statistically significant and numerically large. Referring back to 
Tables 4-2 and 4-3, it is clear that both the Ridout-Miller model and the 
Wilson et al. model can be similarly criticized. For example, the rail business 
constant implies that the rail mode would have to be $52 cheaper than the 
car mode to nullify the impact of this constant on business travellers’ utility 
calculations. The presence of these large constants raises several important 
concerns about the use of such models in forecasting. These include the 
following: | 


¢ To the extent that such terms dominate the utility functions, changes in 
level-of-service associated with alternatives under consideration result 
in small predicted changes in mode choice. 


¢ The presence of such large constant terms generally implies that 
important variables affecting mode choice have been omitted from the 
systematic utility function. 
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* As noted above, such large bias terms may, in fact, be indicative of a mis- 
specification of the market in terms of the choice sets actually or perceived 
to be available to travellers. The bus business constant of —4.84 implies 
that the model would significantly overpredict bus usage by business 
travellers on the basis of cost, time and frequency alone. Over and above 
the omitted variables effect, it may well be that most business travellers 
simply do not consider the bus as a viable mode for most business trips. 
If this is the case, then inclusion of the bus mode in the choice sets for 
these travellers represents a mis-specification of the problem. 


* The impact of introducing a new or dramatically upgraded mode such as 
high-speed rail is very difficult to forecast when large bias terms are pre- 
sent, since it is not at all clear what the new mode’s bias term should be. 
In particular, a persuasive argument can be made that the rail bias terms 
of —1.660 and —1.615 in the PM business and non-business models should 
not be retained if the current corridor service is replaced with a significantly 
upgraded (or, one might well argue, entirely new) high-speed rail 
service. It is also unclear, based on the historically observed behaviour 
in the system, what the new mode’s bias term value should be.28 


This last point obviously lies at the heart of much of the debate concerning 
intercity travel demand model specification and application, especially when 
such models are frequently motivated by the need to study the impact of 
new modes on corridor flows and mode splits.22 The elimination of this prob- 
lem is the primary motivation of the abstract mode modelling approach 
characteristic of early aggregate modelling efforts. It is clear, however, that 
our intercity models, theories and data bases are such that abstract mode 
models (either aggregate or disaggregate) are not likely to be achieved in 
practice, leaving modellers to deal with the existence of the modal constants 
the best way possible. Approaches include: 


* Leaving the constants “as is.” This is appropriate for minor system 
changes or, perhaps, for short-run impacts of major system changes. It is 
likely, however, to be overly conservative with respect to the long-run 
impact of major service improvements. 


* Judgementally changing the constants, perhaps based on experience 
with similar changes observed in other similar corridors. This approach 
can provide useful sensitivity testing of the model’s forecasts. It also opens 
the technical demand-forecasting process up to charges from critics of 
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“tinkering” with the model to generate more desirable results. Further, — 
similar changes in similar corridors are much more difficult to find in 
practice than many planners would like to admit. 


¢ Developing an alternative model or modelling approach which permits 
a more sensitive treatment of the changes being considered while at the 
same time being “objectively defensible.” Examples of such approaches 
are presented in subsection 4.5 below. 


4.4.6 The Koppelman Model*° 


Koppelman has used 1977 Nationwide Personal Transportation Study (NPTS) 
data to develop four-stage nested logit models of U.S. intercity business 
and non-business passenger travel. The four stages are: trip frequency 
choice, trip destination choice, mode choice and service class choice. Each 
model stage is conditional upon higher-level decisions (for example, service 
class choice is conditional upon the mode chosen) and affects these higher- 
level decisions through the use of “inclusive value” terms in the upper-level 
utility functions to represent the expected utility associated with the lower- 
level decision. For example, consider the lowest two levels of the Koppelman 
model: mode and service class choice. In the nested logit model formula- 
tion, service class choice, conditional upon mode choice, is represented as 
an ordinary logit model of the form: 


Felon = eMc| m/o / pan eVc'|n/? [4.10] 


where P,| is the probability of choosing service class c given mode choice 
m, Vel mis the systematic utility of service class c for mode m, and 6 is a 
scale parameter which must lie between zero and one for a properly speci- 
fied model. The upper level mode choice model is then given by: 


P,, = @¥mt ohm) [Spy elVm + lm) [4.11] 


where V,,, is the systematic utility of mode m (excluding factors relating to 
service class choice) and /,, is the inclusive value associated with the lower- 
level service class choice for mode m. This inclusive value is the expected 
maximum utility associated with the service class choice given that mode is 
selected. For logit models, this expected maximum utility can be shown to be:3! 
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I = loge(dise%ein') [4.12] 


This four-stage nested approach is intended to provide a theoretically con- 
sistent and sound approach to modelling intercity travel demand.%2 Specific 
advantages of the approach include the following: 


¢ It permits multistage models to be built which are internally consistent 
(that is, with respect to scale, modelling assumptions, etc.). 


¢ It provides an explicit, theoretically sound expression for the “trip induc- 
tion” term to be included in the trip generation/distribution stage(s) of the 
model; that is, the inclusive value term constructed using the mode-choice 
model utilities for inclusion in the higher-level trip distribution model. For 
example, if this model is expressed as the probability of choosing desti- 
nation d given a known origin zone o, then the corresponding inclusive 
value (“trip induction”) term is given by: 


Kalo wis loge Di ray Virto/m)/9} [4.13] 


where 6 is the scale parameter for the mode choice level in the nested 
structure (that is, it will lie between zero and one in value and will be the 
parameter multiplied by /,j, in the destination choice model). Use of Ig, in 
the destination choice model to represent the impact of service changes 
on trip generation/distribution will result in theoretically consistent direct 
and cross-elasticities and should result in plausible levels of trip induction 
occurring (something that most ad hoc trip induction terms traditionally 
used do not often achieve). 


¢ The nested approach at least partially circumvents the IIA or constant 
cross-elasticity assumption discussed in subsection 4.2. From the point 
of view of the overall joint choice process, correlation is permitted among 
alternatives sharing common upper-level components. For example, at 
the mode choice level, air mode service class combinations possess cor- 
relation because they share the air mode component of the “choice bundle.” 
These air-related alternatives, however, are still assumed to be uncorre- 
lated with the other alternatives at this level — the rail, bus and car modes. 
Similarly, at the destination choice level, the mode-destination “bundles” 
are correlated for a given destination because they share this common 
destination choice, but alternative destinations (and mode choices across 
these alternative destinations) remain uncorrelated. Thus, the nested logit 
model permits a significant relaxation of the very strict IIA assumption 
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of the ordinary logit model, although it still incorporates a fairly rigid 
covariance structure among the alternatives which may or may not be 
acceptable within a given application. This point is discussed further in 
subsection 4.5. 


The disaggregate approach is motivated by the concerns raised in Section 2 
of this report concerning aggregation bias. Unfortunately, a truly disaggre- 
gate data set of intercity passenger demand was not available for this 
model’s development. The NPTS data set was used because it was the most 
disaggregate available, but it lacked sufficient spatial detail to allow access 
and egress times and costs to be computed. Thus, the primary purpose of 
this model is to demonstrate the feasibility of the disaggregate, nested logit 
modelling approach rather than develop a definitive model for policy testing.*2 


Given the emphasis within this paper on mode-split modelling, only the ser- 
vice class and mode choice models of the Koppelman model are discussed. 
Table 4-10 presents the air mode service-class model developed. This is a 
three-alternative model (first class, coach and discount class). Data limita- 
tions prevented the development of a comparable rail service-class model. 
Similarly, the data base was not large enough to support the development 
of separate air service-class models for business and non-business trips. 
Trip purpose, therefore, was incorporated into the model using dummy vari- 
ables. The results indicate that business travellers are much less likely to 
use the discount class (presumably due to the various booking and sched- 
uling constraints associated with this fare class), but show little preference 
between the coach and first-class alternatives, as indicated by the numerically 
small and statistically insignificant parameter for the business trip first-class 
dummy variable. | 


Cost, total daily departures (which typically vary by fare class) and income 
all enter the model in statistically significant ways with expected signs. In 
particular, higher-income people are less likely to choose discount class and 
more likely to take first class, relative to coach. Travel time is not included in 
this stage of the model since it is invariant across service classes for a given 
origin-destination pair. 


Table 4-10 
Fare/SeRVvIcE Class CHoice, KoppELMAN IMopEL 


Variable t-statistics value 


Alternative-specific constant 
Discount class 
First class 

Level of service 
Fare cost ($) 
Daily departures 

Income ($10,000) 
Discount class 
First class 

Business trip 
Discount class 


First class —0.160 0.3 
Goodness-of-fit measures 
Log likelihood 


At equal shares 
At market shares 
At B 
Likelihood ratio index (p2) 
Equal share base 
Market share base 


Number of cases 


Table 4-11 presents the business mode choice model developed. This is a 
very simple model relative to the other models reviewed in this section. 
Points to note from this table include the following: 


¢ The time-cost structure of the specification is the same as the Wilson et al. 
structure (that is, generic cost term, travel times categorized by income 
level), and hence the same comments concerning time and cost elasticities 
apply. 

* Values of time cannot be deduced from this model since they were 
assumed prior to model estimation to be $60/hour and $20/hour for high- 
and low-income travellers, respectively, and then used to construct a 
“generalized cost” term to use in the model estimation. This approach 
was adopted to circumvent the high collinearity between travel time and 
cost that was found in the data — a common problem in intercity travel 
demand modelling. 
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Table 4-11 
Business Trip Mone Cuoice, KoppELMAN [MODEL 


Alternative constant 
Car 
Bus 
Rail 
Level of service 
Cost ($) 
Travel time — high income 
(minutes) 
Travel time — low income 
(minutes) 
Distance less than 250 miles 
Car ; 
Bus and rail 2.9 


Goodness-of-fit measures 
Log likelihood 


At equal shares 
At market shares 
At B 
Likelihood ratio index (p 
Equal share base 
Market share base 


$i 


Number of cases 


a. Travel time and cost variables were estimated as part of generalized cost with value 
of time set at $60/hour for high-income and $20/hour for low-income travellers. — 


° The inclusive value parameter lies between zero and one in value. This 
implies that the nested model structure assumed cannot be rejected. 


* Asin the Ridout-Miller model, bus and rail frequencies were found to be 
statistically insignificant for business trip mode choice. Air frequency, as | 
represented within the inclusive value term, does have a significant, albeit 
indirect, impact on business mode choice. 


« All three surface modes are more attractive than the air mode for short 
trip distances, as indicated by their numerically large and statistically 
significant parameters on the dummy variables for trips of less than 
250 miles in length. 


Table 4-12 presents Koppelman’s non-business mode choice model. Points 
to note from this table include the following: : 


¢ Values of time were fixed within the model prior to estimation to permit 
a generalized cost to be computed. In this case, $45/hour and $15/hour 
were assumed for high- and low-income travellers, respectively. 


¢ As in the Ridout-—Miller model, frequency is correctly signed and 
significant for non-business trips. 


Table 4-12 
Now-Business TRIP Move Cxoice, KopreLmaN MobeL 


Variable ieniatEstimateaa hie t-statistics value 


Alternative constant 
Car 1.687 
Bus 0.386 
Rail 0.137 
Level of service 
Cost ($) —0.00257 
Travel time — high income 
(minutes) -—0.1154 
Travel time — low income 
(minutes) —0.0385 
Bus and rail frequency 0.0399 
Composite air class utility 0.456 
Income ($10,000) 
Car 0.0746 
Bus and rail —0.4539 
Distance less than 250 miles 
Car 1.703 
Bus and rail 0.8565 
Distance less than 500 miles 
Car 1.796 
Bus and rail —0.816 


Goodness-of-fit measures 


Log likelihood 
At equal shares 
At market shares 
AtB 


% 


Likelihood ratio index (p 
Equal share base 
Market share base 


Number of cases 


a. Travel time and cost variables were estimated as part of generalized cost with value 
of time set at $45/hour for high-income and $15/hour for low-income travellers. 
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¢ In addition to the categorization of the travel time term by income, income 
enters this model directly. The results indicate that increasing income 
results in lower bus and rail utilities and has a small and statistically weak 
positive impact on car utilities, relative to the air mode. 


¢ Distance effects are again captured by dummy variables. As in the 
business model, short (less than 250 miles) trips exhibit a surface mode 
bias relative to the air mode. This bias reverses in the case of the rail and 
bus modes for long-distance trips (greater than 500 miles), but remains 
strongly positive for the car mode. 


4.5 STATED PREFERENCE MODELS 


Considerable research has been undertaken to develop and assess stated 
preference based models for travel demand modelling applications. Early 
work in this area includes Louviere et al. (1981) and Louviere and Hensher 
(1982). For more recent reviews see Hensher et al. (1988) and Ben-Akiva et al. 
(1990). In general, the main advantages of the stated preference approach 
include the following: . 


- It provides the analyst with far greater control over the range and combi- 
nation of service factors to which respondents are exposed, allowing for 
the investigation of a greater variability in travel times, fares, etc., than is 
often possible in revealed preference contexts (in which only the times, 
fares, etc., experienced on the relatively few number of origin-destination 
pairs sampled can be used). It also means that the high correlation between 
time and cost which often exists in observed systems can be “broken” by 
using uncorrelated combinations of these variables. 


¢ It allows hypothetical or not-yet-existing modes or service levels to be 
tested for trip-maker responses. This is especially valuable for high-speed 
rail applications in which revealed preference data may “misrepresent” 
the modal biases expected for such services. 


The major disadvantages of the approach are, first, that it requires very 
careful survey designs in order to ensure that valid responses are obtained. 
Second, questions still exist among some travel demand modellers con- 
cerning the overall validity of the technique; that is, can stated preference 
data be trusted to provide useful estimates of what people will actually do 
when faced with real, rather than hypothetical, choices? Full investigation of 


P1502 


this issue is well beyond the scope of this paper. The operating assump- 
tion of this review is that the answer to this question is provisionally yes, 
especially given the relatively promising field results discussed below.** 


Several stated preference based models relating to intercity travel demand 
have been developed. Louviere and Hensher (1982), for example, investi- 
gated both intercity air-bus competition in the U.S. midwest and destination/ 
fare class choice for leisure air travel from Australian origin cities. Morikawa 
et al. (1991) discussed combining revealed preference and stated preference 
data in a model of Japanese intercity mode choice among rail, bus and car 
modes. This latter study is of particular interest because it may represent a 
practical method for using the strengths of both revealed preference and 
stated preference data while minimizing the weaknesses of both approaches. 
More research is required before the overall utility of this approach can 

be assessed. 


The remainder of this section focusses on two major, operational applica- 
tions of the stated preference approach to intercity passenger travel demand 
modelling. The first is the COMPASS model, the successor to the SIGNALS 
and HORIZONS models developed for and used by VIA Rail in its 1984 and 
1989 high-speed reviews, respectively. COMPASS has also been used in 
several U.S. high-speed rail studies. The second is a model developed by 
Charles River Associates (CRA), which has also seen application in several 
U.S. high-speed rail corridor studies. These two modelling approaches are 
reviewed in subsections 4.5.1 and 4.5.2. 


4.5.1 SIGNALS, HORIZONS, COMPASS: Evolution of a Stated Preferences 
Approach and Overall Modelling System 


SIGNALS, HORIZONS and COMPASS represent three generations of essen- 
tially the same model design. The first-generation model is SIGNALS, the 
property of Transmark (the consulting wing of British Rail), which was used, 
along with PERAM, by VIA Rail in its 1984 high-speed rail study. SIGNALS is 
the least well documented of the three models?° and has been largely super- 
seded for Canadian modelling applications by the other two models. Hence, 
the remainder of this section will focus on HORIZONS and COMPASS. 


HORIZONS is the second-generation model, developed by Cole, Sherman 


and Associates Ltd. for use in VIA’s 1989 review. COMPASS is the third 
and most recent version of this modelling system. It is the property of 
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Transportation and Economic Management Systems, Inc. (TEMS) and has been 
applied in several recent U.S. high-speed rail corridor studies. The common 
thread through this evolutionary process is that all three models have the 
same primary designer (Dr. Alex Metcalfe), and each succeeding model has 
built on the experience gained in the previous model, both in terms of the 
evolution of improved methods and in terms of incorporating data and 
empirical relationships from previous models into the succeeding versions. 


COMPASS:3® COMPASS is a multimode (air, rail, bus, car) modelling 
system which contains four major components dealing with total travel 
demand by all modes (as a function of socio-economic factors); induced 
demand (generated by changes in modal service levels); modal split; and 
“economic rent” (dealing with the impact of modal service changes on 
property values, income, employment, etc., in areas served by the intercity 
transportation system). It is a PC-based software system written in C, which 
has been designed to provide a modelling platform within which a range of 
models and modelling assumptions can be tested against a common data 
base relating to socio-economic and transport network characteristics. 


The mode-split model used within this overall modelling stystem is a 
hierarchical decision structure in which total demand is first split between 
car and common carrier modes. The common carrier demand is then 
split between air and surface modes. The surface mode demand is 

then split between rail and bus. At each stage a binary logit model is 
estimated that has the form: 


Pip =- 1/1 + exp {-[Bop + By pf(GC in, GC ipa) I) [4.14] 
where: 

Pint = probability of choosing alternative “1” from the set of alterna- 
tives {1, 2} (where, for example, alternative 1 might be auto and 
alternative 2 would then be common carrier) for origin-destination 
pair jj for trip purpose p 

GCij>m = “generalized cost” of travel by mode m for purpose p for origin- 


destination pair j - 


f( ) = either the difference of the generalized costs for the two alternatives 
(alternative 1 minus alternative 2) or the ratio of the generalized 
costs (alternative 1 divided by alternative 2) 


Bop,Bip = model parameters for trip purpose p 


The model parameters are estimated through regression analysis of the 
linearized form of equation [4.14]: 


lOGe (Pijp1/ Pipa) = Bop iG B, pf | GCijp1, GCijp2) [4.15] 
The generalized cost terms for composite alternatives (for example, for sur- 
face common carrier modes) are constructed by weighting the generalized 
costs of the individual alternatives constituting the composite. 


The modal generalized cost is defined as: 


GC ijom ra TT iim p% TC ol ¥ OF ef (VOF mp OH)AVOT 54* Fim) [4.16] 


where: 

TTjjm = total travel time from /to / by mode , with “out-of-vehicle” time 
components (access/egress, waiting, etc.) weighted by a factor 
of 2 to represent the additional disutility associated with these 
aspects of the trip 

TCj, = total travel cost for the trip (including access/egress costs) for 
mode m from /to j/ 

Etim = frequency from /to / for mode m (departures per week) 

OH = operating hours per week 


VOT,m = value of time for mode m for purpose p 
VOF,m = value of frequency for mode m for purpose p 
Values of time and frequency are derived through data gathered from an 


attitudinal survey of intercity travellers, segmented by trip purpose, mode, 
distance (short/long) and income (high/low), designed to elicit the respondents’ 
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stated preferences with respect to mode choice as a function of modal 
attributes. Two methods are used to compute VOT and VOF from these 
data. The first method (Method 1) is called the “comparison method,” in 
which the VOT (VOF) at which an individual switches from preferring the 
higher cost, lower travel time (higher frequency) alternative to preferring 
the lower cost alternative is used to define the VOT (VOF). The second 
method (Method 2) involves estimating binary logit models, with VOT and 
VOF values derived from the logit model coefficients. 


Table 4-13 presents results from these two methods of calculating value of 
time for the tri-state corridor (Chicago—Milwaukee-Twin Cities). Table 4-14 
compares the tri-state VOTs with those found in other corridor studies. It 
is suggested by the model developers that the higher tri-state VOTs reflect 
the longer trip distances in this corridor. Table 4-15 provides additional 
VOT/VOF information from the tri-state study. 


Table 4-13 
Comparison OF VOT Resutts, TrI-STatE COMPASS Mooél , 


No. of valid surveys VOT (1990$/hour) 


Air/business 5 66.6 
: 41.9 


Rail/business 
Long trips? 
Short trips 

Rail/other 

Long trips 

Short trips 


Bus/other 
Long trips 
Short trips 


Car/business 
Long trips 
Short trips 

Car/commuting 
Long trips 
Short trips 

Car/other 
Long trips 


Short trips 
a. Long trips are over 100 miles, and short trips are 100 miles or less. 
b. Less than 30 valid surveys. 
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Table 4-14 
CompARISON oF VOT Resutts, SELECTED CorRIDOR STUDIES? 


Value of time (1990$/hour) 


Air 
Business 
Non-business 
Rail 
Business 
Non-business 
Car 
Business 
Non-business 
Bus 
Business 
Non-business 


Tri-State New York? Ontario—Quebec*® Illinois? 
(430 miles) (310 miles) (180-300 miles) (200-300 miles) 


Air 
Business 
Non-business 

Rail 
Business 
Non-business 

Car 
Business 
Non-business 

Bus 

Business 

Non-business 


a. To facilitate comparison with the tri-state study, values derived for the other 
three corridors were inflated to 1990S. 

b. Rensselaer Polytechnic/Cole, Sherman Inc. 

c. Consumer Contact Ltd/Cole, Sherman Inc. 

d. British Rail. 


Table 4-15 


Deraitep VOT ano VOF Resutts, Tri-Stare COMPASS MobéL 


Business 
Commuting 
Other 


Business 
Commuting 


Business 
Commuting 


Other 


Business 
Commuting 


Other 


(a) Summary of VOT and VOF trade-off results 


Value of time (1990$/hour) 


39.9 25.48 43.0 

27.0 13.7° 2123 

28.0 21.8 25.8 
Value of frequency (1990$/hour) 


33.4 tf 15.57 
2512 16.1 10.97 
22.0 16.1 13.0 


(b) VOT and VOF trade-off results by trip length? 


Value of time (1990$/hour) 


le 


Value of He ae ae 


Table 4-15 (cont'd) 
DeTaiep VOT ano VOF Resutrs, Tri-State COMPASS MooeL 


(c) VOT and VOF trade-off results by income group® 


Business 
Commuting 


Other 


Value of (een eee 


Business : 32.6 
Commuting ; 20.3 11.4 11.4 
(20) (20) 


a. Quota cells not originally identified for analysis. 

b. “Long” indicates long-distance trips of more than 100 miles, and “short” indicates 
short trips of 100 miles or less. 

c. “NI” stands for “not included” and indicates quote cells deliberately excluded from 


the quota survey and trade-off analysis as they were too small a sample group to be 
effectively analyzed. 


d. Quota cells with numbers in parentheses had less than 30 valid surveys; the number 
given in parentheses is the actual number of surveys. 
e. “High” stands for high household income of $60,000 or more per year, and “low” 


indicates low household income of less than $60,000 per year. 


Finally, Table 4-16 presents the estimation results for the three binary logit 
models developed for the tri-state corridor. Note that with the exception of 
the business air-surface model, the difference formulation consistently gen- 
erates a higher r2 value than the corresponding ratio formulation. This is 
presumably an encouraging result in that the difference formulation is con- 
sistent with the random utility theory derivation of the model,?’ whereas the 
ratio formulation is much more ad hoc in rationale. Also note that the bias 
column in each part of this table indicates the percentage of trips predicted 
by the model to take the indicated mode when the generalized costs of the 
mode and its alternative are equal. The extent to which this percentage is 
less than 50 percent is indicative of factors other than generalized cost 
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which affect the given choice but which are not explicitly captured within 
the model except in the constant terms (for example, convenience and 
privacy with respect to the car). 


Table 4-16 : 
EsrimaTion Resutts, TRi-STATE COMPASS Move 


(a) Public versus car mode-split model coefficients (car bias) 


Ratio 


Business 


Difference 

Commuting Ratio 
| Difference 

Other Ratio 


Difference 


Business Ratio -3.894 (-17) 
Difference -0.006 (-14) 

Commuting Ratio -4.241 (—) 
Difference -0.005 (—) 

Other Ratio -—4.241 (-10) |, 
Difference -—0.005 (-13) 


Business Ratio -—6.019 


Difference —0.009 
Commuting Ratio -7.066 
Difference —0.008 
Other Ratio —5.137 


Difference —0.007 
HORIZONS:38 Two versions of HORIZONS were developed during the 1989 
Rail Passenger Review Study. The interim model (HORIZONS I) used the 
COMPASS mode-split modelling method described above; that is, sequen- 
tial binary models, with weighted average generalized cost terms used at 
each level to represent the level of service associated with the next lower 
level in the decision tree. Table 4-17 presents the parameter estimates for 
the Windsor—Quebec City corridor obtained for this version of the model, 
using the 1988 data base developed as part of this study. 


This use of weighted average generalized costs to represent lower-level 
service attributes, however, can be criticized in that it is ultimately an ad hoc 
formulation which is not consistent with random utility theory. Further, 
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random utility theory provides an explicit specification of what a represen- 
tative service term should consist. It is the so-called “inclusive value” or 
“logsum” term of the nested logit model discussed in subsection 4.4.6. 

The adoption of the inclusive value formulation for the representative lower 
level service measure necessitates the use of the difference formulation 

of the model, since this is the only version which is mathematically and 
theoretically consistent with this term’s use. 


Table 4-17 
Esrimation REsutts, Interim HORIZONS MobeL 


Business 


(a) Public versus car mode-split model coefficients. 


Commuting 


Tourist/others 


(b) Surface versus air mode-split model coefficients 


Business 
Commuting 


Tourist/others 


(c) Rail versus bus mode-split model coefficients 


Business —4.6676 
—0.0085 

Commuting 2 —5.0354 
’ —0.0073 


Tourist/others i ‘ -—3.9581 
: —1.0070 


In addition, it was felt that structural intra- and interprovincial differences in 
modal usage could be captured through the use of two provincial dummy 
variables, /o and /g, defined equal to one if the trip was an intra-provincial 
trip within Ontario and Quebec, respectively. Introduction of these provin- 
cial dummy variables, plus the use of the inclusive value terms described 
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above resulted in the final version of the model or HORIZONS Il. Table 4-18 
presents the estimation results for the final model version. Points to note 
from this table include the following: 


¢ In comparing the final model r? values with those of the interim model 
(Table 4-17), it is seen that the goodness-of-fit has improved considerably 
relative to the interim difference models (which generally had rather poor 
goodness-of-fit values), as well as relative to the interim ratio models 
(which tended to out-perform the interim difference models but which 
had consistently lower values relative to the final model). 


¢ A few of the » values estimated are greater than 1.0. This indicates that the 
decision structure is possibly mis-specified. Ideally, alternative decision 
structures should be investigated in such cases. For example, perhaps 
bus should be first split off from the other two higher-quality modes 
(that is, air and rail). It does not appear that such alternative structures 
were investigated. 


¢ It is interesting to note that the public versus private commuter model o 
value is essentially 1.0. This implies that a joint model could replace the 
assumed nested model; that is, that a simpler multinomial logit model 
defined across the car and common carrier modes would work as well. 
Given that the commuter market is presumably approaching the intra-urban 
market in characteristics, and given that the multinomial logit model often 
is found to work quite well in the intra-urban case, this perhaps provides 

‘some validation of the approach adopted. 


Table 4-19 presents a comparison of the interim model forecast results ver- 
sus the final model forecasts (with and without the provincial dummy vari- 
ables) for one test case. From this table it is seen that the replacement of 
the weighted average generalized costs with the logsum terms results in a 
significant shift in predicted usage away from the car mode to the common 
carrier modes, with the majority of this shift going to the rail mode. The 
impact of the provincial dummy variables is less dramatic but still noticeable. 
In this case, it deflates the predicted rail mode share by roughly 10%. The 
net effect of these two changes is a final model mode split for the inter- 
provincial Toronto—Montreal market which is not overly different from the 
interim model results (for example, 45.4% rail mode share versus 42.0%), 
whereas the final model intra-provincial results are considerably different 
from the interim model values (for example, 28.5% final rail mode share for 
Toronto—Ottawa versus the interim value of 20.5%). 
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Table 4-18 
EsTimaTion REsutts; Fina. HORIZONS Move 


I. Mode-split equations 
; 2 
ea tel Rail versus bus level 


Business | In (P.oj/Ppys) = 3.092 + 0.420/5 - 1.620/q - 0.00541GC,,;, + 0.00286GC,,,, 
(2.3) (12) on (4) 


Commuter | In (P.si/Pous) = 1-594 = 0.00724GC,,., + 0.00724GC, . 
(36) (24) 


Other In (Pa Pens) = -0.249 + 0.442], == 1.588/q a 0.00241C,.; + 0.00227GC,,,, 
(6) (27) - (14) . (14) 


aed he Surface versus air level in| 


Business | In (Pe,,/P.si,) = -10.177 + 0.220/9 + 3.328lq + 1.444U,,, + 0.0171GC,;, 
(9) (143) (145) (92) 


Commuter | In (P5.,/Pair) = 8.867 + 1.585/9 + 1.511/q + 0.582U,,, + 0.0199GC,,, 
(11) (10) (52) (101) 


Other In (Peu/Pair) = 4.850 + 1.983/g + 2.710/g + 1.677U5,, + 0.00807GC,;, 
(54) (93) (54) (42) 


Bis Public versus private level 


Business | In (Poub/Prar) = -8.105 + 0.698/q + 2.306/q + 0.893U,yp + 0.0146GC,,, 
| (13) (42) (74) (128) 


Commuter | In (Poup/Poar) = —6.782 + 1.134lo + 0.849/q + 1.079U,up + 0.0291GC,., 
(11) (9) (58) (101) 


Other In (Pyup/Pear) = ~3.957 + 0.143/o + 1.958/q + 0.722Up,, + 0.0101GC,,, 
(3) (49) (78) (99) 


Business | In (trips) -15.775 - 0.230/9 + 2.013/q + 1.647U;97 + 1.036 In (emp*inc) 
(0.9) (7) (21) (11) 


Commuter | In (trips) -15.756 - 0.346/5 - 0.369/q + 0.732U;o7 + 1.077 In (emp*inc) 
(0.9) (0.8) (19) (8) 


Other In (trips) -14.759 + 0.306/5 + 1.731lg + 0.907Uz97 + 1.043 In (emp*inc) 
(1.6) (8) (27) (12) 


Note: Values for t-statistics in parentheses. 


Table 4-19 
COMPARISON OF FORECAST RESULTS, INTERIM AND Fiat HORIZONS MobéLs 


Projected market shares (%) 


roi [ ae [co [om | mor [ae [co [oon 

Base year 4.1 ary | 64.0 9:2 14.8 2952 41.3 4.7 
Interim 

HORIZONS 

model (with 

base year 

weighting) 
Logsum utility 

approach 
Logsum model 

(enhanced with 

provincial 

indicators) 


Notes: Strategy: Rail frequency of 24 one-way trains daily. Rail in-vehicle time cut in half. 
Other modes unchanged. Implementation year — 1987. 


Finally, Table 4-20 presents value of time, frequency and “reliability” 
computed for the Windsor-Quebec City corridor from the attitude 
survey/trade-off analysis approach described under the COMPASS model. 
Averaging over the two computation methods yields the values shown in 
Table 4-21, which are compared with similar results obtained for other 
North American intercity travel corridors. 


Table 4-20 


VALUE OF TIME, FREQUENCY AND RELIABILITY, HORIZONS Moe 
(1988 Can.$/HOUR) 


Commuter 


Other purpose 


Value of time 


a. Less than five valid surveys in each cell. 


Table 4-21 
COMPARISON OF VALUES OF TIME AND FREQUENCY 
(1988 Can.$/HOUR) 


Rail 

Business 
Non-business 
Air 

Business 


Non-business 


Bus 
Business 
Non-business 


Car 
Business 
Non-business 


Note: 


27.8 
213 
65.7 
35.2 
18.2 
13.3 
28.0 
19.0 


V 


alue of time 


16.9 1,129 
12.0 8 
34.1 26.5 
23.0 3 
14.3 — 

9. 10.6 
102 
ths 


Values from previous studies were adjusted for inflation using published CPI figures 


Value of frequency 


.O 
$i 


14.6 
133 


and, where necessary, converted to Canadian dollars using U.S.$1.00 = Can.$1.23. 


4.5.2 The CRA Model? 


The starting point for the development of the Charles River Associates 
(CRA) model consists of the following observations: 


* As has been noted several times in this report, the constant cross-elasticity 
(IIA) assumption of the simple multinomial logit model appears overly 
strong and unrealistic for the intercity mode choice case. Introduction of 
high-speed rail, for example, is unlikely to divert travellers in equal 
proportions from the competing modes. 


* Brand et al. (1991) argue that nested logit models do not satisfactorily 
resolve this problem, since they still assume constant cross-elasticities 
within a given level of the decision structure (for example, in the 
HORIZONS/COMPASS formulation, between air and surface modes). 


¢ Given that car, air and bus users are observed to possess very different 
values of time, frequency, etc. (compare Tables 4-11, 4-20, etc.), it can be 
expected that current users of each of these modes will divert to rail at 
various rates with respect to various types of rail service changes (that iS, 
time-cost-frequency combinations). Further, the nature of travellers’ values 
of times, elasticities, etc., are revealed through the fact that they are observed 
(or, in forecast mode, predicted) to have chosen a given mode. Thus, for 
example, we know that current car users will be quite cost sensitive but 
relatively time insensitive (as well as sensitive to factors such as departure 
flexibility, ability to carry luggage, etc.), and hence more likely to divert to 
moderately priced rail options than more expensive options. Conversely, 
air travellers are generally more time sensitive and less cost sensitive and 
hence will be more responsive to changes in rail travel times than fares. 
Presumably, therefore, an approach which directly captures these trade- — 
offs within these different sub-markets will perform better than one which 
only captures the average response of the aggregated market. 


Given these observations, the CRA model uses “direct” demand models to 
predict the origin-destination flows by mode for each of the air, car and (if 
available) bus modes, in the absence of high-speed rail. Bimodal logit models 
are then used to predict the diversion from each of these modes to high- 
speed rail, given the introduction of this mode (induced high-speed rail trips 
are generated as a separate calculation, making use of the behavioural 
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relationships identified in the direct demand and mode-split models). In 
other words, three separate logit models are used to estimate the rail-car, 
rail-air and rail-bus competition. 


Choice-based, stated preference survey methods are used to elicit the 
trade-offs between car, air and bus users’ current modal attributes and 
high-speed rail attributes required to estimate the logit models’ parameters. 
Model estimation results are shown in Table 4-22. As indicated, each model 
consists of cost and time terms plus a high-speed rail constant. Thus, the 
probability Pysr| mp of a traveller choosing high-speed rail in this model, 
given original mode m and trip purpose p, is given by: 


[4.17] 
exp (Onp 1 BmpCusr t Ymp usr) 
re ee) eae ee eo a ee mene eae UL as es 
exp (Omp Bo BmpCusr a5 Ymp ! usr) + €Xp (Omp 5 BmpCm +Ymp lm) 

where: 
Cy = travel cost, mode k (k= HSR, m) 
Tk = composite travel time, mode k (k = HSR, m) 
Omp: = high-speed rail constant, original mode m, trip purpose p 


Baan Ymp= cost and time coefficients, original mode m, trip purpose p 


Table 4-22 
Estimation Resutts, CRA MopeL 


Coefficients 


Cost (1990$) 


Composite time (h)? 


HSR constant? 


a. Composite travel time = line-haul time + 0.667(access + egress time) + 0.5(wait time). 
b. HSR = high-speed rail. 


Note: Numbers in parentheses are t-statistics. 
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Tables 4-23 and 4-24 present values of time and high-speed rail direct elasti- 
cities computed from the model as recently calibrated for the “Texas triangle” 
(Dallas-Houston—Austin-San Antonio). Table 4-23 presents values of time 
disaggregated by current mode (air and car: bus is not a factor in this mar- 
ket), trip purpose (business, non-business) and time component (line-haul 
and access/egress). It is interesting to note that access/egress time values 
are less than the line-haul values, contrary to the typical urban case (as well 
as contrary to the HORIZONS/COMPASS assumption). Brand et al. (1991) 
observe that the intercity case differs from the urban case in that competi- 
tion exists at the line-haul level. In addition, a significant difference in scale 
exists between the two time components, especially as trip lengths increase. 
Both of these factors, it is argued, contribute to travellers placing a higher 
value on line-haul than access/egress time. 


Table 4-23 
Ivp.ieo VALUES OF TRAVEL TIME BY Mone AND TRIP Purpose IN TEXAS, CRA MopéL 
(1990 U.S.$/HOUR) 


Trip purpose 
ee 


Access/ 
egress 


Access/ 
egress 


Current mode 


Air 
Value of time ($/h) 
Fraction of hourly wage rate 


Car 
Value of time ($/h) 
Fraction of hourly wage rate 


The elasticities presented in Table 4-24 are computed for the Houston-— 
Dallas route, based on proposed downtown stations and a rail fare set at 
two-thirds the air fare. The air business elasticity of -0.86 rises to over 1.0 
in magnitude as rail fares are set equal to air fares. Similarly, the air non- 
business elasticity rises to a value of —1.0 at a rail fare of about 90 percent 
of the non-business air fare. Conversely, car users are already marginally 
fare-elastic at the two-thirds air fare value. Finally, note the relative inelas- 
ticity of rail access/egress time in this model for the 240 mile (380 km) trip 
being analyzed. 


Me 


Table 4-24 
HicH-SPeeD Rai E.asriciries By Moe ANp Trip Purpose in Texas, CRA Moet 


HSR elasticities? 


Line-haul Access/egress 
time time 


Mode and trip purpose 


Air 
Business 
Non-business 


Car 
Business 
Non-business 


a. Calculated for characteristics between Houston and Dallas assuming that high-speed 
rail fares are two-thirds the air fare. 


5, SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 


5.1 INTRODUCTION 


This section summarizes the material presented in the previous sections 
with respect to the following key issues: 


¢ findings concerning demand elasticities, values of time, etc. and their 
implications with respect to modal substitutability; 


¢ findings concerning selection of functional form and modelling approach; 
and 


* suggestions concerning fruitful directions for future Canadian intercity 
passenger travel demand modelling. 


5.2 VALUE OF TIME, DEMAND ELASTICITIES AND MODEL SUBSTITUTABILITY 


5.2.1 Value of Time 


A comparison of values of time (VOTs) estimated by the HORIZONS/COMPASS 
modelling system (Table 4-14) and those estimated by the CRA model 
(Table 4-23) are generally comparable, despite differences in methodology. 
In particular, note that the CRA air and car line-haul VOTs are both derived 
from binary logit models involving rail as the second mode. This implies 
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that the average rail mode VOT presumably lies in the range of $20 to $35 
for business travel and $9 to $28 for non-business travel — values which 
nicely bracket the HORIZONS/COMPASS rail mode VOTs reported in Table 
4-14. Similarly, the CRA line-haul VOTs for both car business and non-business 
and air non-business are reasonably consistent with the HORIZONS/COMPASS 
values, especially given the relatively short travel distances within the 
Texas corridor (that is, VOTs generally increase with trip length). The CRA 
air business VOT is, however, low relative to the HORIZONS/COMPASS 
values. Note that these comparisons are based on VOTs expressed in 1990 
U.S. dollars. 


Tables 4-9(a) and 4-21 provide a comparison of VOTs calculated using the 
PM multinomial logit model and the HORIZONS model calibrated to the same 
1988 data base for the Windsor—Quebec City corridor (the “Ont./Que.” column 
in Table 4-21). In this case, both tables express VOTs in 1988 Canadian dol- 
lars. Comparison between these two tables is difficult to make, given that 
the PM model disaggregates VOT by income (in addition to trip purpose) 
while the HORIZONS model disaggregates VOT by mode and purpose. In 
general, however, it appears that the PM model generates line-haul VOTs 
that are significantly lower than the HORIZONS model values. For example, 
the PM business line-haul VOTs range from $7 for low-income travellers to 
$25 for high-income travellers, whereas the range in VOTs across modes 

in the HORIZONS model is $18.20 (for bus) to $65.70 (for air), with both car 
and rail VOTs being higher than the PM upper bound of $25 (that is, $28.00 
and $27.80, respectively). Similarly, the PM non-business range is from 

$3 to $13, which lies entirely below the HORIZONS non-business range 

of $13.30 to $35.20. Conversely, the PM access/egress VOTs are three to 
seven times higher than the line-haul VOTs, compared to the assumed 
ratio of two in the HORIZONS model. 


Even without adjusting for inflation, it is clear that the Wilson et al. model VOTs 
(expressed in 1984 Canadian dollars) of $11.02 (business) and $0.03 (non- 
business) are significantly low relative to all three of the other models just 
discussed. Similarly, the Ridout—Miller non-business VOTs are significantly 
low relative to these models. The Ridout—Miller business VOTs, however, are 
not inconsistent with the more recent results discussed above, especially for 
higher income levels characteristic of business travellers (see subsection 4.4.2). 


F550 


Thus, a certain degree of consistency in VOT estimates can be found across 
the models reviewed, especially if one “adjusts” for the various methodol- 
ogical differences (and differences in strengths and weaknesses) which exist 
in these models. In particular, the HORIZONS VOTs reported in Tables 4-14 
and 4-21*° possess considerable face validity in that they not only compare 
well with values estimated using the same modelling method in other corri- 
dors, but they also generally compare well with values generated by apply- 
ing significantly different methods to the modelling of Windsor—Quebec City 
mode choice behaviour. 


5.2.2 Demand Elasticities 


In general, elasticities could not be computed from the information provided 
in the papers and reports reviewed. The one notable exception to this rule 
is the PM model, for which sufficient information was provided to compute 
elasticities for the Toronto—Montreal route based on 1987 operating condi- 
tions. Otherwise, this review is dependent on elasticities reported in the 
papers and reports reviewed. Unfortunately, only one model reviewed in 
Section 4 (the CRA model) has any reported elasticities (see Table 4-24). 

All other elasticities reported are for the aggregate models discussed in 
Section 3. Table 5-1 summarizes these aggregate results, plus the PM model 
calculations. Points to note from Tables 4-24 and 5-1 include the following: 


* Both the Gaudry-Wills and the Oum-Gillen models indicate that intercity 
direct fare elasticities are greater than 1.0 in magnitude (that is, that 
demand is fare elastic). The Gaudry—Wills results indicate a much higher 
fare elasticity for bus and rail modes than do the Oum-Gillen results. 


¢ The Gaudry-Wills results indicate that the car and air modes are time- 
inelastic, while the rail and bus modes have larger-magnitude elasticities 
that may marginally exceed 1.0, depending on the model assumed. 


¢ The CTC elasticities are somewhat consistent with (although generally 
higher than) the Gaudry—Wills results, despite the much simpler modelling 
method used in the former model. 


¢ The CRA model time elasticities are not inconsistent with the 
Gaudry-Wills results, especially given the aggregate nature of the latter. 


Table 5-1 
IvTercity Mope SHARE ELASTICITIES, SELECTED MODELS 


(a) Direct fare elasticites® 


Red. ae tans cee ene [sl GTO cl eR 


1.87-1.53 2.71-2.97 1.57-4.50 
2.84-2.45 1.66-2.64 1.49-2.06 
2.91-2.50 2.91-3.87 1.04-1.31 
1.25-1.08 i 0.15-2.60 
(b) Direct time elasticities*® 
| 0.86-0.83 0.46-0.62 0.14-0.58 
0.77-1.06 0.35-1.52 0.57-3.82 
0.77-1.08 1.44-2.15 0.67-4.94 
0.38-0.53 — 0.11-3.63 
a. For convenience of presentation, the negative signs on these elasticities have been 
deleted. 
b. Obtained from Table 3-4. The first number shown is the CLCS-1 model elasticity; the 


second is the TLCS-1 value. Elasticities are based on 1972 data and are evaluated at 
the sample average. 


Cc. Obtained from Table 3-5 by averaging the 1972 elasticities across the four quarters. 
Note that these are expenditure share elasticities rather than true mode share values. 

d. Obtained from Table 3-1. Range indicates highest and lowest elasticities reported in 
this table. 

e. Obtained from Table 4-9. Range indicates the highest and lowest elasticities 
obtained across the trip purpose-income level combinations considered in Table 4-9. 

f. Elasticity not estimable from this model. 


* The CRA model, however, indicates that rail fare elasticities tend to be 
inelastic for current air users, contrary to the aggregate model results. 
These fare elasticities do, however, increase in magnitude as the rail fare 
rises towards the air fare level with the cross-overinto the elastic range 
occurring at rail fares which are somewhat less than the competing air fare. 
Current car users in the CRA model have virtually unit rail fare elasticities, 
given an assumed rail fare equal to two-thirds the competing air fare. 


¢ The PM model common carrier fare elasticities are reasonably consistent 
with the aggregate model results, although the variation in both the air 
and auto mode values seems large relative to the other findings (particu- 
larly the CRA model results). 
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¢ The variation in PM model time elasticities for the non-air modes seems 
to be very high relative to the other findings, although the low end of 
the PM model time elasticities are generally consistent with the other 
models’ values. 


Drawing generalized conclusions from such scattered results obtained from 
such different models is clearly hazardous at best and quite possibly foolish 
to undertake. Nevertheless, the following hypotheses, which appear to be 
consistent with the findings of this review, are advanced: 


¢ Intercity travel demand tends to be time-inelastic. Time elasticities tend 
to vary from approximately —0.40 to -0.85 depending on the mode! used 
and the mode involved. The lower magnitude tends to be characteristic 
of car-related travel, while the upper level tends to be characteristic of 
air-related travel. 


Car-related intercity travel demand tends to be slightly cost-elastic, partic- 
ularly in the rail fare ranges likely to be associated with high-speed rail 
operations. 


Air-related intercity travel demand tends to be slightly cost-inelastic, unless 
rail fares approach those for air, in which case demand may become 
unit-elastic or even slightly elastic. 


These hypotheses obviously lean heavily on the CRA model results (in par- 
ticular with respect to the air-related fare elasticities) and tend to be 
couched in the CRA model terms. This approach is adopted based on the 
following considerations: 


¢ Based on the VOT comparisons discussed in subsection 5.2.1, the CRA 
model appears to yield similar results to currently operational Canadian 
models of somewhat similar design (for example, HORIZONS). Hence, in 
the absence of more complete information, the reported CRA elasticities 
are taken as being representative of this generation of models. 


¢ As noted above, with the exception of the air-related fare elasticity case, 
the CRA results are reasonably compatible with the earlier Gaudry—Wills 
results. 


¢ The disaggregate modelling approach is viewed as a theoretically stronger 
basis for modelling than the very aggregate, statistical/empirical approach 
represented by the Gaudry-Wills model. Hence, when in doubt, the 
disaggregate model results will be favoured. 


5.3 FUNCTIONAL FORM AND MODELLING APPROACH 


As is clear from the final point made in the previous section, judgements 
concerning a modelling approach are inherently dependent upon evalua- 
tions of modelling results. This is why so much of this review focusses on 
methodological considerations: the validity of empirical results cannot be 
assessed independently of the means by which these results are obtained. 
In terms of intercity passenger travel demand modelling methods, some 
fairly clear directions with respect to the evolution of these methods have 
emerged from this review. These can be summarized by the following 
observations: 


¢ A minimum level of disaggregation is required to achieve behaviourally 
plausible, policy-sensitive models. This disaggregation must include the 
development of separate models for business and non-business purposes 
(with further disaggregation of the non-business category, as appropriate). 
The model also must be sufficiently disaggregated spatially to permit 
reasonable calculations of access and egress travel times and costs 
by mode.*! 


¢ With the notable exception of income, few socio-economic variables have 
been found to affect intercity mode choice in a consistently significant way. 
While this may partially reflect data deficiencies and/or lack of appropriate 
model testing procedures, the consistency of this result across every 
disaggregate model reviewed does seem to indicate some robustness 
in the finding.*? This is good news for modellers, in that it reduces the 
amount of model disaggregation required for model specification and, 
correspondingly, simplifies the model aggregation/forecasting problem. 


* Both aggregate and disaggregate modelling results indicate that the sim- 
ple multinomial logit model is not an appropriate model formulation for 
intercity mode choice. The constant cross-elasticity (IIA) assumption of 
the multinomial logit model is untenable, based both on theoretical prin- 
ciples and empirical observations. Various forms of structured logit-based 
models are typically used to circumvent the problems inherent in the | 
multinomial logit model.*? These include: 
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— the nested logit model (typified by the Koppelman model, subsec- 
tion 4.4.6); — 


— the sequential application of hierarchical binary logit models (typified 
by the HORIZONS/COMPASS family of models, subsection 4.5.1);44 and 


— the use of pairwise (rail versus a competing mode) binary logit 
mode choice models applied to competing mode travel volumes (the 
CRA model, subsection 4.5.2). 


All three approaches possess various strengths and weaknesses, while 
the latter two, at least, are representative of the current operational state- 
of-practice. 


¢ Choice-based survey methods have generally emerged as the survey 
method of choice for mode-choice modelling, given the greater control 
which such methods give over survey design as well as the greater 
efficiency in sample collection that can be achieved. 


¢ The use of stated preference techniques is becoming commonplace as a 
means of determining plausible values of time, etc., for predicting trav- 
ellers’ responses to the introduction of essentially new services such as 
high-speed rail. 


5.4 DIRECTIONS FOR MODEL DEVELOPMENT 


Despite the considerable improvements in the intercity demand modelling 
state-of-the-art which has occurred over the past 20 years, several issues 
remain which require further investigation if this state-of-the-art is to con- 
tinue to develop and if the contribution of these models to intercity passen- 
ger policy formulation and decision making is to be maximized. In general 
terms, these issues relate to the need for more systematic, general investi- 
gations into alternative model specifications and into the practical as well 
as statistical performance of these models. More specifically, these issues 
include the following: 


¢ A need exists to explore intercity travel market segmentation in a more 
detailed, systematic way than has generally been undertaken. Ridout and 
Miller (1989) and Abdelwahab et al. (1991) represent examples of very 
partial attempts to explore this issue, but much more comprehensive 
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investigations involving more detailed data bases are required. The 

role of trip distance and income as categorizing rather than explanatory 
variables, car ownership (an almost totally unexplored variable in the 
intercity context) and seasonal variations in travel choices (again, almost 
totally unexplored but surely of significant interest in the Canadian 
context) all require considerable additional investigation. 


- A need exists to explore in a consistent way (that is, using the same data 
base, etc.) the various options for structuring the intercity mode choice 
process discussed in the previous section. Additional options also exist, 
including alternative orderings of choices within the binary choice hierarchy. 


- A need exists to apply the use of very generalized functional forms (typi- 
fied by the work of Gaudry) within the context of the structured (partially) 
disaggregate models characteristic of current operational methods. Com- 
putational complexities undoubtedly exist with respect to this approach.” 
Nevertheless, use of such generalized functional forms typically widens 
the range of “testable” model assumptions and provides useful insights 
into the extent to which the more restricted functional forms (and, hence, 
typically the underlying theory generating these restricted functional 
forms) are adequately capturing observed behaviour. 


In general, these identified needs point to the more basic need for treating 
intercity travel demand modelling as a research task; that is, as a (typically 
interactive) process of hypothesis formulation and testing designed to 
improve our understanding of intercity travel behaviour in general and 

our practical capabilities for predicting future travel behaviour in particular. 
This approach can be contrasted with the all too common approach adopted 
in this field in which models are treated as proprietary tools that are 
designed to promote a particular point of view and that are not open to 
peer scrutiny and professional, informed debate. Without such scrutiny 
and debate, however, the modelling state-of-the-art will inevitably fail to 
achieve its potential, will suffer from a general lack of credibility and, hence, 
inevitably fail the policy formulation process it is intended to serve. 
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No attempt to review single mode demand models (such as air demand forecasting models) 
has been made in this study, since these provide little or no information concerning 
intermodal substitutability. For a recent review of air demand forecasting models, see 
Hutchinson (1991). 


For more detailed criticisms of aggregate models, see Rice et al. (1981) and Koppelman et al. 
(1984). 


Technically, one rarely observes the probability (frequency) of an individual’s modal 
choice, but rather the choice of a single mode in a single-choice situation. This 
complicates the model estimation process somewhat but does not alter the basic 
argument being made here. 

As is discussed further in subsection 4.4.6, most so-called disaggregate models actually 
still retain some level of spatial aggregation, primarily due to data limitations. The overall 
methodological approach, however, is essentially disaggregate in nature. 

There are exceptions to this generalization. See, for example, subsection 4.4.6, which 
discusses the Koppelman model. This model involves extension of disaggregate choice 
theory to the entire intercity travel demand modelling process. 

See Hartgen and Cohen (1976), Rice et al. (1981) and Koppelman et al. (1984). 

VIA Rail (1984a, 1984b). 


Transport Canada/Ministry of Transportation and Communications (1979), Transport 
Canada (1979). 


This section is based on Canadian Transport Commission (1970). 

For a more complete description of the dogit model, see Gaudry and Dagenais (1979). 
Gaudry and Wills (1979), p. 165. . 

Oum and Gillen (1983), pp. 184-85. 

For more detailed discussion of disaggregate choice modelling theory, methodology and 
applications see, for example, Domencich and McFadden (1975), Hensher and Johnson 


(1981), Kanafani (1983), Manski and McFadden (1984) and Ben-Akiva and Lerman (1985). 


For more detailed reviews of these models, see Hartgen and Cohen (1976), Rice et al. 
(1981) and Koppelman et al. (1984). 


This section is based on Transportation Development Agency (1976). 

This discussion is based on Ridout (1982) and Ridout and Miller (1989). 

“Best” is defined in terms of statistical significance and agreement with a priori expectations 
of the parameter estimates, overall goodness-of-fit of the model and explicit statistical 


tests comparing the goodness-of-fit of competing model specifications. 


See, for example, Miller and Cheah (1991). 
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This discussion is based on Wilson et al. (1990). 


One of the most important differences is the lack of access/egress terms in the Wilson 
et al. models. This is due to a lack of sufficient information in the CTS data base to 
compute such terms. This is the single biggest weakness of the CTS data base and is, 
in fact, the reason why Ridout and Miller did not use it for their modelling work. 


This discussion is based on Abdelwahab et al. (1991) and Abdelwahab (1990). 

Updating involves statistically adjusting parameters estimated for one region using (typi- 
cally limited) information concerning the new region to which the model is to be applied. 
For discussion of these methods see, for example, Atherton and Ben-Akiva (1976) and 
Koppelman and Wilmot (1982, 1986). 

See Abdelwahab (1990) for details of these transferability tests. 


See, in particular, McCoomb (1983) for a detailed examination of the transferability of 


- urban mode choice models within Canada. 


This discussion is based on Peat Marwick (1990), Ontario/Quebec Rapid Train Task Force 
(1991) and Ellis (1990). 


Such terms are also absent from the Ridout—Miller model, but in this case by definition, 
since the car mode is excluded from this model. 


These bias terms are the equivalent of the constant or “y-intercept” term in a linear 
regression equation. In linear regression, the regression line always passes through the 
point defined by the mean values of the dependent and independent variables. If the 

y intercept is forced through zero, then the other coefficient(s) in the model (representing 
the slope(s) of the line with respect to the independent variable(s)) will be correspondingly 
biased. In MLE estimation of logit models, the model always reproduces the aggregate 
modal shares observed in the estimation sample. If the bias terms are omitted, then the 
other parameters in the model will be biased, analagous to the regression example. 


A similar argument might be made for other model parameters, but it is a much less per- 
suasive one. In particular, the new mode’s travel times and costs are likely to fall within 
the overall range of times and costs already experienced by travellers within the system. 
Thus, the model, if otherwise “properly” constructed, should be capturing these modal 
service trade-offs adequately. The constants, however, have buried within them the par- 
ticular set of unobserved characteristics that exist within the current modes. A signifi- 
cantly upgraded or new mode is likely to have quite a different set of these unobserved 
characteristics and, hence, quite a different modal constant. 


This can be contrasted with the urban case in which new mode introduction is rarely the 
issue. Rather, urban models are used to examine alternative expansions of existing modal 
networks (that is, road and transit), a situation in which the transferability of historical 
model parameters — including the modal constants — into future contexts is a more 
readily acceptable assumption. 


This discussion is based on Koppelman (1989). 


31. 
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39. 


40. 


41. 


42. 


43. 


For more detailed discussions of the nested logit model and its derivation from random 
utility theory, see, among others, Ben-Akiva and Lerman (1985). In general, the nested 
logit can be viewed as a generalization of the ordinary logit model that permits complex 
decision structures to be modelled in a theoretically consistent yet practical way. 


Koppelman and Hirsh (1986). For a similar discussion of these issues, see Rice et al. (1981). 


Similar problems exist with publicly available data sets in Canada, as indicated by the 
difficulties encountered by Ridout and Miller, and Wilson et al. in their modelling efforts. 
For a detailed discussion of data-related issues in intercity passenger travel demand 
modelling in Canada, see Miller (1985). 


This issue exists despite the extensive experience in the market research field with stated 
preference methods (see, for example, Green and Srinivasan (1978) and Cattin and Wittink 
(1982)). For a detailed discussion of the strengths and weaknesses of both revealed and 
stated preference data in travel demand models, see Ben-Akiva et al. (1990). 


See VIA Rail (1984a, 1984b). 


This discussion is based on Transportation and Economic Management Systems, Inc. 
(undated) and Transportation Management Systems, Inc./Benesch (1991). 


See any text dealing with disaggregate logit models, for example, Ben-Akiva and Lerman 
(1985). 


This discussion is based on VIA Rail (1989a, 1989b, 1989c, 1989d). 
This section is based on Brand et al. (1991). 


These are the same VOTs. In Table 4-14 they are expressed in 1990 U.S. dollars, while in 
Table 4-21 they are expressed in their original units of 1988 Canadian dollars. 


Although not explicitly discussed within the model review chapters, current models typi- 
cally involve the use of a zone system for each urban area that is sufficiently detailed to 
permit reasonably accurate access/egress times/costs to be calculated for each intercity 
travel mode. See, for example, VIA Rail (1989a) and Transportation Economic Management 
Systems, Inc. (undated). This can be contrasted with earlier, aggregate models in which a 
single set of average access/egress times/costs for each city-pair would be used. 


In a West German study not previously referenced in this review, Brog (1982) similarly 
reported “surprisingly little impact” of socio-demographic variables on personal intercity 
mode choice behaviour. This result was obtained from a situational approach to the prob- 
lem, based on detailed attitudinal survey results, rather than on econometric models such 
as the ones reviewed in this paper. Thus, this result also appears to be relatively robust 
across analysis methodology. 


The one significant exception to this statement involves the continuing investigations 

of Gaudry on the use of aggregate, very generalized functional forms (Gaudry 1989, 1990). 
This approach does not appear to be popular with the developers of operational intercity 
models, probably due to the econometric and computational complexities involved. As 
discussed further in the next section, however, much of this work is potentially transferable 
to a more disaggregate, operational environment within the structured modelling approach 
discussed here. 
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44. As discussed in subsection 4.5.1, this system of models may or may not be consistent 
with the nested logit model formulation, depending on the model application. 


45. Theoretical problems may also exist. In particular, use of these generalized functional 
forms sometimes implies loosening the ties between the empirical model and micro- 
economic utility theory which usually underlies the empirical model and which provides 
the empirical model with much of its a priori plausibility. 
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PRICE ELASTICITIES OF INTERCITY PASSENGER 
TRAVEL DEMAND 


Richard Laferriere®* - 
March 1992 


1. INTRODUCTION’ 


It is readily understood that the demand for air travel between Montreal 

and Toronto depends on the price of such a trip by airplane and on the 
prices of other modes of transport. It also depends on personal income, on 
the populations of Montreal and Toronto and on a host of other factors. When 
these factors are taken individually, it is easy to demonstrate that each one 
affects the number of air passengers. Graphs or simple correlations could 
show that changes in the number of travellers and income go hand in hand, 
or that there is a negative correlation between the number of passengers 
and the price of airline tickets. 


Since the goal of this analysis is to isolate the influence of price on the 
number of trips taken, a method that considers all the other factors that 
also affect air travel must be used. For this reason, of the various ways of 
studying the reaction of travel demand to prices, only econometric models 
that measure the influence of different explanatory factors on the use of 
modes of transport are used in this study. 


* Centre for Research on Transportation, University of Montreal. 


This multidimensional approach makes it possible to ask the following 
question: Ceteris paribus, what is the effect of a price increase on travel 
demand? Because it isolates each explanatory factor, a multivariate 
mathematical analysis will answer the question. 


The review of various econometric models of intercity travel demand deals 
primarily with the sensitivity of modal demand for passenger travel in relation 
to price. The reader should keep in mind that these models, as indicated in 
Section 2, incorporate considerations other than price. 


Price elasticity, which can be defined as the percentage change in demand 
resulting from a 1 percent change in price, is a useful measure of demand 
sensitivity to price. Travel demand usually has a negative price elasticity: a 

1 percent price increase reduces demand by x percent. In this study, however, 
the negative or positive sign is set aside and the absolute value of elasticity 
is used. Thus, a price elasticity of -3 is greater than a price elasticity of —1. 


In this study, different estimates of the effect of prices on intercity travel are 
compared for the first time. More precisely, demand sensitivity of each 
mode of transportation (auto, air, rail, bus) are evaluated in relation to the 
price of each mode. Several intercity passenger travel demand models have 
been calibrated in the past, resulting in estimates of price elasticities 
specific to each of those models. These price elasticity estimates are difficult 
to compare because they are based on different prices and demands. 


This review of price elasticities of passenger travel demand makes it possible 
to answer several questions: Do models calibrated more than 10 years ago 
still permit the evaluation of current travel demand sensitivity? Which mod- 
els are applicable to any given market type? Are the price elasticities 
derived from models sufficiently homogeneous to suggest a “consensus” ? 
Which modes have an elastic travel demand? Which travel demand modes 
are sensitive to prices of other modes? 


The answers can be found in Section 3, which contains an analysis of price 
elasticities for four Canadian markets. These elasticities are calculated with 
nine econometric models of intercity passenger travel demand. The method 
used to compare these demand models is set out in Section 2. It is based on 
hypotheses whose validity is confirmed in Section 4. The detailed formulas 
for the nine demand models can be found in Section 5. 
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2. COMPARISON OF MODELS AND MARKET DESCRIPTIONS 


As mentioned above, price elasticity of demand for travel usually varies 
from one market to another. It is expected that price elasticities for the 
Montreal—Toronto market differ from those for the Toronto—Vancouver 
market, because the modes of transport have different prices, the level of 
travel is not the same, etc. 


In the empirical literature on travel demand, it is common practice to pre- 
sent price elasticities which have been calculated using the same data as 
those used to calibrate the econometric model. Price elasticities calculated 
in this way cannot be compared with the price elasticities of other studies 
if they are based on different data. 


2.1 FOUR REPRESENTATIVE MARKETS 


To avoid these difficulties, this study presents on a common basis, price 
elasticities obtained from different mathematical models. This compara- 
tive analysis of price elasticities is conducted for four Canadian markets: a 
representative Canadian market, Montreal-Ottawa, Montreal-Toronto and 
Toronto-Vancouver. Table 2.1 reports the number of trips per mode (T,,), 
modal shares (S,,), the cost of using each mode (C,,,), the distance (DIST) 
and the per capita income in the zone of origin (Y) in 1976 for each of the 
four markets. The representative market corresponds to the mean values of 
the Transport Canada data base which covers trips taken between 155 pairs 
of Canadian cities in 1976. 


The travel demand models examined in this study can be grouped into 
three large categories: probability models, modal-split or market-share 
models, and generation-distribution models. A probability model yields 
the probability that an individual will opt for a mode of transport for an 
intercity trip. A modal-split model gives the proportion of trips per mode. 
A generation-distribution model deals with the total number of trips 
within a market. 


When elasticities for a particular market are obtained from aggregate infor- 


mation such as that presented in Table 2.1, no specific methodological diffi- 
culties are encountered with the modal-split and generation-distribution 
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models. This is not so for probability models. To understand the method 
used to calculate elasticities in this study, a brief review of the derivation of 
elasticities in probability models is necessary. 


Table 2.1 
INFORMATION BY MMarxet (1976) 


Representative Montreal- Montreal- Toronto- 
market Ottawa Toronto Vancouver 
Trips per mode: 
106,650 1,710,000 899,630 1,366 
12,812 26,224 343,800 
6,257 83,561 219,530 
5,633 307,740 58,500 


Modal shares: 


Cost of a trip per mode ($1/100 Canadian, 1976): 


5,115.5 605.0 1,662.0 14,998.0 
8,335.6 3,027.0 5,133.0 16,475.0 
4,233.5 942.0 2,366.0 10,419.0 
4,042.6 867.0 2, 000.0 8,983.0 


Distance (miles): 
DIST 930.2 110.0 302. 0 2,029. 0 


Cost of a trip per mile travelled (cents/mile): 


Couto/DIST 
Cerain/ DIST 
Cyus/DIST 

Couto/DIST 


Per capita income in the city of origin (Canadian $ 1976): 
Ce ae waa | 42704 15088 


2.2 PROBABILITY MODELS: PRECISE AND APPROXIMATE ELASTICITY 
MEASUREMENTS 


To begin with, a sample consisting of information on modal choices for a 
group of individuals is required to calibrate or estimate a probability model. 
Thus, the selected mode, the transportation prices and times for the avail- 
able modes, various socio-economic characteristics (for example, sex, 
occupation, age, income, etc.) are known for each individual. 


Once the model has been estimated, the elasticity of the demand for 
mode of transport m in relation to its price (C,,,) can be calculated for each 
individual kin the sample (n2_,,(k)). 


It is then easy to determine the price elasticity of a specific market (nz, (market)), 
Montreal—Toronto for example, using the individual elasticities and the 
weight (f,) of the individuals in the sample: 


nZ,,(market) = Xn?2,(k) * i (2.1) 


Three pieces of information are usually required to calculate price elasticity 
for individual k: a parameter (8), the price of the travel by mode m for indi- 
vidual (C,,(k)), and the probability that individual k will not choose mode m 
(1 — prob,,(k)). More precisely: 


NEm(k) = B* Crk) * (1 - prob,,(k)) (2.2) 


Therefore, aggregate elasticity is derived as a weighted sum of individual 
elasticities. This “enumeration method” for calculating aggregate elasti- 
cities requires the sample that was used to calibrate the model. A compari- 
son of the elasticities from models that use different samples becomes very 
tedious and prevents the type of analysis envisaged here. Another solution 
must be considered. 


For example, to obtain aggregate elasticities for the Montreal-Toronto 
market, without the sample that was used for calibration, it is suggested 
that an approximation of aggregate price elasticity be used (nZ,,, (approx.)). 
Equation (2.2) for an individual’s price elasticity is used, replacing the price 
(C,,,(k)) of individual k with a representative market price (C..). The market 
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share of the other modes, 1- S.,, is substituted for 1 — prob,,(k), the probability 
that mode m will not be chosen: 


n@,(approx.) = B* C,,*(1- Sp) (2.3) 


When (2.3) is compared with the two preceding equations, it becomes 
obvious that this approximation greatly simplifies the calculation of price 
elasticities because: 


- Price elasticity with equation (2.3) only requires a single value for the 
price of each mode (C,,); 


¢ The approximation of aggregate price elasticity (nz, (approx.)) is based 
on the observed market share (S_,) rather than on the calculated share 
(prob,,(k)). 


Instead of first calculating elasticities for each individual in the sample and 
then taking a measured average of those elasticities, approximation involves 
directly calculating one aggregate elasticity with a mean price and the observed 
market share. Section 4 contains two examples that show that the difference 
between precise aggregate elasticities (nZ,, (market)) and those obtained from 
the approximation (nZ,, (approx.)) is small. For this reason, and because 
approximation simplifies the calculations, it is felt that such an approxima- 
tion is useful. Otherwise it would not be possible to compare the elasticities 
obtained from aggregate and disaggregate models. It would not even be 
possible to compare elasticities obtained from two disaggregate models! 


3, PRICE ELASTICITIES OF PASSENGER TRAVEL DEMAND 


In this section, price elasticities are calculated for four Canadian markets, 
using nine demand models. The market situation corresponds to that in 
1976. This year was selected because it is the latest year for which informa- 
tion on intercity travel by all modes of transport in Canada is available. 


The demand models to be examined are: 


Probability models: 
¢ Grayson (1981) 
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« HORIZONS (1989) 

¢ Peat-Marwick (1990) 

¢ Ridout-Miller (1989) 

¢ Wilson et al. (1990) 

¢ Stopher-Prashker (1976) 


Modal-split models: 
¢ PERAM 
¢ SLAG (1977) 
¢ Gaudry-Wills (1978) 


Generation-distribution models: 
¢ HORIZONS (1989) 
¢ Peat-Marwick (1990) 
- PERAM 
¢ SLAG (1977) 
* Gaudry-Wills (1978) 


The parameters of all models other than those of Grayson and Stopher- 
Prashker have been estimated using Canadian data obtained from three dif- 
ferent sources: Transport Canada, Canadian Travel Survey (CTS) and 

VIA Rail. The data from Transport Canada date back to 1972 and were used 
to calibrate the SLAG and Gaudry-Wills models. The PERAM model is based 
on a 1976 Transport Canada data base. The Ridout-Miller and Wilson et al. 
models are estimated using CTS data for the years 1968 and 1982, respec- 
tively. Finally, the Peat-Marwick and HORIZONS models are based on 1987 
VIA Rail data. 


3.1 PROPERTIES OF THE MODELS 


Before proceeding with a market-by-market analysis of price elasticities, it 
is useful to discuss some properties of the econometric models used in this 
study. Section 5 contains a more formal presentation of the models. 


3.1.1 The Influence of Prices and Market Shares on Price Elasticities 


The number of trips per mode of transport can be expressed as the product 
of the total number of trips by all modes of transport and the share of each 
mode in total trips. It follows that the price elasticity of the demand for trips 
by mode m (n” (mode)) is necessarily equal to the sum of the price elastic- 
ity of total demand (n (total)) and the price elasticity of the share of mode m 
in total trips (n” (share)),° 


n™(mode) = (total) + 77(share) (3.1) 


Price elasticities of the modal share (n” (share)) are evaluated using proba- 
bility or modal-split models, while price elasticities of total demand (n (total)) 
are obtained from generation-distribution models. In this section, certain 
properties of price elasticities of the modal share (n”™ (share)) and total 
demand (n (total)) are examined. 


As a rule, price elasticities of the shares are calculated using three elements: 
parameter B, market share (S,,,) and the cost (C,,). The price elasticity of the 
linear logit model (see equation (2.3) is an example of expression (3.2). 


(B, Soon Cod 1M share) (3.2) 


It is also true (as shown in Section 5) that total elasticities also depend on 
parameter y, shares and price levels. 


(y, Sie Cm) — nitotal) (3.3) 
It follows that price elasticities of a particular mode (n” (mode)) vary from 
one market to another because prices and market shares differ. The sepa- 


rate effect of market share (share effect) and of the mode’s cost (price 
effect) on price elasticities is discussed below.* 
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A. Share Effect on Price Elasticities of the Modal Share 


Own Elasticities: As far as the relationship between price elasticities and 
modal shares is concerned, all models mentioned above imply that direct 
price elasticity (2, (share)) of the modal share decreases as the share of 
mode m increases (S_,). Ceteris paribus the greater the modal share, the 
less sensitive the modal share is to that mode’s cost (C,,,). This first property 
is termed P.1. 


AtS,, — Anzé,(share) Pat 


Cross Elasticities: Cross price elasticities (nZ (share)) are directly proportional 
to the share of the mode (S,) whose price (C,) is changing. That is, the price 
elasticity of mode m with respect to the price of mode / increases as the share 
of mode / increases. If mode /has a large share, then, according to property 
P.1, it will not adjust by much in response to a change in its own price; the 
other modes of transport will adjust more. This implies another property: 


AtS, — Atné (share) PZ 


B. Share Effect on the Price Elasticity of Total Demand 


Total travel demand elasticities (n(total)), with respect to the cost of the 
modes of transport, are directly proportional to modal shares. The larger 
the market share, the higher the sensitivity of total demand to changes in the 
price of the mode in question. At the limit, total demand will not be affected 
at all by changes in the price of a mode whose market share is zero. 


AtS,, —  A*nc,,(total) Pr. 


C. Price Effect on Price Elasticities of the Modal Share 


It has been shown that the share effect on price elasticities is the same for 
all the models examined: cross elasticity of the modal share and elasticity of 
total demand increase, and direct elasticity of the modal share decreases as 
modal share increases. The same does not hold true for changes in a mode’s 
price. In fact, as a mode’s price increases, price elasticities may increase, 
decrease or remain unchanged depending on the model examined. 
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A priori, it is expected that the price elasticity of the modal share increases 
as the price increases. The Peat-Marwick, Ridout-Miller, HORIZONS, 
Grayson and Stopher-Prashker models conform to this rule for direct 

and cross elasticities. 


A+C,, > Atn@,(share), At*nc,,(share) P.4 


Price elasticities of modal shares for the PERAM and SLAG models are 
invariant with the price of modes. Since these elasticities reflect the 
sample’s estimation conditions, comparing them with other models can 
reveal surprises for prices that differ too much from the sample averages. 


A*C,, > n2@,(share) constant, nc,,(share) constant P.5 


Price elasticities of the Gaudry-Wills and Wilson et al. models decrease as 
the price increases. The cost of a mode in the Wilson et al. rnodel corresponds 
to the cost of a trip divided by the distance travelled. (It is interesting to note 
that Wilson et al. (1990) refer to this variable as the unit cost of travel.) The 
result follows if, as is the case for the markets studied, the cost of use per 
unit of distance decreases as the distance increases (see Table 2.1). The 
Gaudry-Wills model specifies the mode’s cost as an explanatory variable, 
but the Box-Cox transformation applied to it implies the same result.° 


AtC,, > Anéz,(share), NC,,(share) P.6 


Discussion: It is reasonable that the share price elasticity increases as the 
price increases. Knowing that price must represent the cost per unit of 
obtaining a good, the question is whether the price should be defined per 
unit of distance or by market. The answer depends on how one defines a 
consumer good: Is the demanded good a quantity of distance or a number 
of trips in a given market? It seems that this issue, which deals with the very 
formulation of intercity demand models, has not been given the attention 

it deserves. 


Due to the difficulty of this issue, it is felt that an in-depth discussion is beyond 
the scope of this study. Some answers, however, can be found in Dagenais 
and Gaudry (1986). It is interesting to note that the Box-Cox transformation 
approach of the Gaudry-Wills model avoids the question somewhat by 
letting the data decide the formulation. 
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D. Price Effect on Price Elasticity of Total Demand 


The price effect on the price elasticity of total demand is similar to the price 
effect on the price elasticity of the modal share. Thus, price elasticities of 
total demand for the Peat-Marwick and HORIZONS generation-distribution 
models increase as the mode’s cost increases (in a manner similar to P.4). 
The PERAM and SLAG generation-distribution models generate total demand 
price elasticities that are not affected by price (in a manner similar to P.5). 
Total demand price elasticities of the Gaudry-Wills generation-distribution 
model decrease as the mode’s price increases (in a manner similar to P.6). 
This result can be explained by the fact that equations that involve the costs 
of modes are similar in the generation-distribution and modal-split models. 


Properties P.4, P.5 and P.6 can therefore be rewritten by substituting the 
term “total” for the term “share,” calling the formulas P.4*, P.5* and P.6* 
and associating them with the same sub-groups of models. 


3.1.2 Cross Elasticities 


The preceding section dealt with the causes of variations in price elasticities 
from one market to another. Attention is now focussed on the properties of 
cross elasticities for the models examined, irrespective of the market studied. 


Except for the HORIZONS model, one of the special features of the demand 
models considered in this study is the equality of cross price elasticities of 
modal shares. 


Neuo(share) = nZ@i.(share) = r2s,,(share) 
ner (share) = n&j,(share) = ne% (share) 


Po 
Tien (share) = Nerai(Share) Neve (share) 


nate (share) = n2i,.(share) = nil, (share) 


3.1.3 Modal Substitution Index 


Cross price elasticities of modes of transport are used to address the issue 
of substitutability between modes of transport. However, it can be some- 
what difficult to interpret these price elasticities. When there is substitution 
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between modes, the cross price elasticity reveals, for example, that an 
increase in the cost of the bus mode will increase the demand for other 
modes of transport by a certain percentage. However, the cumulative signif- 
icance of these diversions in relation to a change in demand for the bus mode 
is not clear. A modal substitution index has been developed to facilitate 


discussion of the subject. 


There are two components to the change in demand for a mode: on the one 
hand, there is a diversion or modal substitution effect; on the other, there is 
an induced demand or an adjustment in the total travel demand. The modal 
substitution index indicates the percentage of the change in demand for the 
mode that is associated with the substitution effect. For example, a modal 
substitution index of 0.75 for travel by bus implies that if the cost of the bus 
mode decreases, 75 percent of the increase in the number of bus travellers 
results from a diversion or a decrease in demand for other modes of trans- 
port, and 25 percent of the increase in demand for the bus mode is induced 
(total) demand. 


Formally, the modal substitution index for mode m (0°) is calculated using 
the market share of mode m, the elasticities of total demand and demand 
for mode m with respect to the cost of mode m. 


Nc,,(total) | 
aig eee a (3.4) 


nz, (mode) S,, 


Subsection 5.2 shows the derivation of the modal substitution index. After a few 
transformations, the modal substitution index may also be written as follows: 


1-S,, 
Qs 


att Oat a (3.5) 
1+ (a-1)S,, 


where parameter o refers to total demand elasticity with respect to the 
level of aggregate service of all modes. As mentioned in subsection 2.2, the 
calculation of elasticities is based on observed market shares (S,,) rather 
than calculated shares. Equation (3.5) shows that the modal substitution 
index varies from one model to another only if the parameter a changes. 


It is possible to estimate the parameter a from the PERAM, SLAG, Gaudry- 


Wills, HORIZONS and Peat-Marwick models. To calculate the price elasticities 
of total demand and the modal substitution indices using the probability 
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models, a value must be assumed for the parameter «. For reasons discussed 
in subsection 3.3, the value assigned to the parameter o for the Ridout- 
Miller and Grayson models is the same as the value estimated by the Peat- 
Marwick model. The Wilson et al. and Stopher-Prashker models use the 
same value of a as the PERAM model. Therefore, the following property is 
obtained: 


6°,(Peat-Marwick) = 0*%(Ridout-Miller) = 0°(Grayson) 
P.8 


95 (PERAM) 6° (Wilson et al.) 


6° (Stopher-Prashker) 


3.2 PRESENTATION OF RESULTS 


For each of the markets studied, a three-part table provides the price elastic- 
ities associated with each demand model. The first part of the table, part a, 
contains direct price elasticities, that is, the demand sensitivity of a particular 
mode with respect to its price. The second part of the table, part b, reports 
cross price elasticities, that is, the demand sensitivity of a particular mode 
with respect to the price of another mode. The third and final part of the 
table, part c, contains price elasticities of the total demand for travel (all 
modes combined) with respect to the price of each mode, as well as the 
modal substitution indices. 


More specifically, price elasticities for the level of modal demand (n(mode)) 
are reported in columns 1, 2, 3 and 4 in part a. Thus, according to the Peat- 
Marwick model, the demand elasticity for travel by car, with respect to the 
cost of a trip by car for the representative market (see Table 3.1 a), is —1.37; 
the demand elasticity of air travel, with respect to the cost of a trip by air, is 
—5.44, etc. Columns 5, 6, 7 and 8 contain the price elasticities of the modal 
share (n” (share)). According to the Peat-Marwick model, the price elasticity 
of the share of trips by auto, with respect to the cost of a trip by auto, is 
—0.68; the elasticity of the share of trips by air, with respect to the price of 

a trip by air, is —5.31, etc. 


One of the distinctive characteristics of the demand models examined in 
this study, with the exception of the HORIZONS model, is that cross price 
elasticities of modal demands are all equal (see property P.7). Thus, the 
Peat-Marwick model estimates the demand elasticity of travel by air, rail 
or bus with respect to the cost of a trip by auto to be 2.24 (see Table 3.1 b). 
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Also, according to this model, the demand elasticity of travel by auto, rail or 
bus with respect to the cost of a trip by air is 0.44. Cross elasticities of the 
HORIZONS model (in part b) are averages. Appendix 1 reports all the direct 
and cross elasticities for the HORIZONS model. 


Modal demand price elasticities (n” (mode)) are equal to the sum of the 
price elasticities of the modal share (n” (share)) and total demand (n (total)). 
Thus, for the Peat-Marwick model, direct and cross elasticities with respect 
to the cost of a trip by auto, -1.37 and 2.24 (Table 3.1a and b, column 1), are 
equal to the sum of the direct or cross elasticities of modal share with respect 
to the cost of a trip by auto, -0.68 and 2.93 (Table 3.1a and b, column 5), 
and the total demand elasticities in relation to the price of a trip by auto, 
-0.70 (Table 3.1 c, column 1). 


Modal substitution indices for the representative market are shown in 
columns 5 to 8 of Table 3.1 c. Thus, for the Peat-Marwick model, the modal 
substitution index for buses is 0.75. In response to a drop in the cost of the 
bus mode, 75 percent of the increase in travellers taking the bus comes from 
a diversion or a reduction in demand for other modes of transport, and 

25 percent of the increase in demand for the bus mode is induced demand. 


Table 3.1 
REPRESENTATIVE MARKET (1976) 


(a) Direct Price Elasticities 


Direct price elasticities Direct price elasticities 
of modes of modal shares 


Models 1.auto 2.air 3.rail 4.bus |5.auto 6.air 7.rail 8. bus 


Peat-Marwick 
Ridout-Miller 
Gaudry-Wills 
PERAM 

SLAG 

Wilson et al. 
HORIZONS 
Grayson 
Stopher- 
Prashker 


Table 3.1 (cont’d) 
REPRESENTATIVE [MARKET (1976) 


(b) Cross Price Elasticities 


Cross price elasticities Cross price elasticities 
of modes of modal shares 
1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


Peat-Marwick 

Ridout-Miller 

Gaudry-Wills 

PERAM 

SLAG 

Wilson et al. 

HORIZONS 

Grayson 

Stopher- 
Prashker 


(c) Price Elasticities of Total Demand and Modal Substitution Indices 


Price elasticities of total demand Modal substitution indices (0%,) 


1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


Peat-Marwick 
Ridout-Miller 
Gaudry-Wills 


PERAM 
SLAG 
Wilson et al. 
HORIZONS 
Grayson 
Stopher- 
Prashker 


3.3 REPRESENTATIVE MARKET 


This elasticity analysis starts with a representative intercity travel market 
defined by the mean values of the Transport Canada sample for 1976, found 
in Table 2.1. After an analysis of the price elasticities of the nine econometric 
models, price elasticities are suggested for the representative market. A 
discussion on modal substitution completes this section. | 


Analysis: The following analysis is based on the price elasticities of modal 
shares and total demand. The first six comments (C.1 to C.6) deal with the 
price elasticities of modal shares in columns 5, 6, 7 and 8 of Table 3.1 a and 
b. These comments also apply to the price elasticities of modal demand. 
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C.1: Except for the auto mode, the share of a mode is more sensitive to 

variations in its own price than to variations in the prices of the 
other modes. In other words, direct elasticities are greater than cross 
elasticities (columns 6, 7 and 8 of Table 3.1 a and b). 


- The relative size of cross price elasticities is similar to the relative 

shares of the modes. Thus, the price of the auto mode, which has 
the largest market share (81 percent), influences the other modes 
of transport the most. The effect of the cost of the air, rail and bus 
modes decreases as their market shares decrease (columns 5 to 8 
in Table 3.1 b). 


The first two comments can be explained by the fact that the share of the 
auto mode is 81 percent, which results in a low direct elasticity of that mode 
(property P.1) and high cross elasticities with respect to the cost of the auto 
mode (property P.2). In fact, it is known that demand models are such that 
the dominant mode has a relatively low direct elasticity and fairly high cross 
elasticities with respect to the cost of the dominant mode. The opposite is 
true for modes with small market shares (high direct elasticities and low 
cross elasticities). 


C.3: The elasticities of the SLAG model do not differ very much from 
those of the Peat-Marwick, Ridout-Miller and Stopher-Prashker 
models. | 


As becomes evident from the discussion of other markets, price elasticities 
of the Peat-Marwick, Ridout-Miller and Stopher-Prashker models are very 
similar. Interestingly enough, the two probability models (Ridout-Miller and 
Peat-Marwick) were both estimated using the multinomial logit model based 
on travel within the Windsor—Quebec City corridor. However, the data base 
for the Peat-Marwick model dates back to 1989 and that of the Ridout-Miller 
model to 1969. Twenty years later, travellers’ sensitivity to price has not 
changed! This answers one of the questions raised in the introduction: Can 
models calibrated at different periods be compared? The results do seem 
transferable over time. 


The Stopher-Prashker model is also a multinomial logit model and was esti- 


mated using a sample of trips between 22 pairs of U.S. cities in 1972. The 
similarities between this model and the other two are also interesting in 
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that they confirm the transferability of results over time and even suggest 
that the results can be transferred over space. 


C.4: The structure of the elasticities of the HORIZONS model differs from 


those obtained from other models. 


Like the Peat-Marwick model, the HORIZONS model is calibrated using the 
1989 VIA Rail data base. The Peat-Marwick model retains the general formu- 
lation of the multinomial logit model and presumes that a traveller selects a 
mode of transport on the basis of a simultaneous comparison of levels of 
service. The HORIZONS model, however, uses the nested logit and assumes 
that the selection process is sequential. A choice is first made between pri- 
vate and public modes of transport and then, if necessary, between air or 
ground travel. Finally, a traveller decides on the rail or bus mode. Since the 
samples used to calibrate the Peat-Marwick and HORIZONS models are 
more or less the same, any differences between the price elasticities of the 
HORIZONS model and those of the Peat-Marwick model may be attributed 
to the sequential choice hypothesis. 


C.5 The PERAM, Gaudry-Wills, Wilson et al. and Grayson models yield 
similar results. 


The Gaudry-Wills and PERAM aggregate demand models yield more or less 
the same elasticities. As before, the hypothesis of transferability of results 
Over time is supported because the two models use different calibration 
periods, 1972 and 1976, respectively. Similarities between the results of 
these two models hold for the other markets studied. This is not surprising 
because both models use a similar data base and the same explanatory 
variables. The Gaudry-Wills model generalizes the PERAM model by applying 
the Box-Cox and Box-Tukey transformations to the explanatory variables. 


C.6: Despite the similarities mentioned above, there are some significant 
differences in price elasticities. Direct price elasticities of the share of 
the air mode vary from —5.3 to —1.3; those of the rail and bus modes, 


from —2.8 to -0.8. The higher values were obtained from the Peat- 
Marwick, Ridout-Miller and SLAG models. Unlike direct elasticities, 
cross elasticities differ more for the auto mode than for the public 
modes. 


The last comment can be explained by properties P.1 and P.2. The three deter- 
minants of price elasticities are: parameters, market share and price. Since 
the same data base is used, these elasticity variations from one model to 
another are attributable solely to the fact that each model has distinctive 
parameters. The effect of these parameters is more noticeable when the 
share effect is significant. This is the case for the air, rail and bus direct elas- 
ticities (Table 3.1 a, columns 6-9), and the cross elasticities with respect to 
the price of the auto mode (Table 3.1 b, column 6). 


Surprisingly, the SLAG model has higher elasticities than the other two aggre- 
gate models. This cannot be due to the formulation of the SLAG model 
because it is similar to the formulation of the PERAM model. Therefore, the 
sample used to calibrate the model must be examined. The Gaudry-Wills 
and SLAG models are both estimated using a sample for 1972. However, 
the Gaudry-Wills model has 92 city-pairs, while the SLAG model has 94. 
Since the exact list of city-pairs in each sample is not available, it can only 
be conjectured that the additional two city-pairs are responsible for the 
higher elasticities. Therefore, the SLAG model is excluded in the discussion 
of other markets. 


It is obvious that the capacity of a model to produce reliable estimates is 
reduced when it is applied to markets that differ too much from the markets 
used to calibrate the model. The Peat-Marwick, Ridout-Miller, HORIZONS, 
Grayson and Stopher-Prashker probability models, which have been Ccali- 
brated with markets whose distances and prices are less than those of the 
representative market, yield elasticities that do not seem credible. In fact, 
since the price elasticities of these models are directly proportional to prices 
(see property P.4), these models are not applicable when the prices are 
“relatively high.” In proposing elasticities for the representative market, we — 
have excluded the Peat-Marwick, Ridout-Miller, HORIZONS, Grayson and 
Stopher-Prashker models. 


C.7: There are two sets of total demand elasticities with respect to the 
prices of the modes of transport. The first set (Peat-Marwick, Ridout- 
Miller, SLAG, HORIZONS and Stopher-Prashker models) implies 
demands that are more elastic than the second set (Gaudry-Wills, 

PERAM, Wilson et al. and Grayson models). (See Table 3.1 c.) 


C.8: All models indicate that total demand is influenced the most by 
the price of the auto mode. The next in order of importance is the 
price of the air mode, followed by the price of the rail mode. Total 
demand hardly varies in relation to the price of the bus mode 
(Table 3.1 ¢). 


Since the Peat-Marwick and HORIZONS models are calibrated with a travel 
sample from the Windsor-—Quebec City corridor, it is not surprising that the 
total travel demand obtained is more elastic than the total travel demand 
throughout Canada. Comment C.8 is a direct consequence of the share 
effect explained in subsection 3.1 (see property P.3). 


Values Selected: Because the price elasticities of the Gaudry-Wills, PERAM, 
Wilson et al. and Grayson models are sufficiently homogeneous, elasti- 
cities based on the PERAM model shown in Table 3.2 constitute the “best 
judgement” values. 


Table 3.2 
Price ELASTICITIES AND SUBSTITUTION INDICES SELECTED, REPRESENTATIVE MarxeT (1976) 


(a) Direct and Cross Price Elasticities 


Price elasticities of Price elasticities of 
modes of transport modal shares 


1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


Direct 

elasticities -1.49 -1.45 -1.46 -0.17 -1.44 -1.43 -1.44 
Cross 

elasticities ; ; , 0.04 0.73 0.16 ; 0.06 


(b) Price Elasticities of Total Demand and Modal Substitution Indices 


Modal substitution indices (0%,) 


3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


0.29 0.66 0.67 0.67 


An examination of own elasticities reveals that the demand for travel by auto 
is clearly inelastic: the demand for travel by auto reacts less than propor- | 
tionally to a price increase. Conversely, the demand for the air mode is mod- 
erately elastic. Since the rail and bus modes have small market shares — 

5 and 4 percent, respectively — there is a greater spread in the estimates for 
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the direct elasticities of these modes. Demand sensitivity of the rail and bus 
modes seems to lie between that of the two other modes but is more simi- 
lar to the elasticity of the air mode than the elasticity of the auto mode. 


Substitution among Modes: Cross elasticities with respect to the cost of the 
rail (0.05) and bus (0.04) modes are low. At first sight, these elasticities seem 
negligible and could suggest that there is no substitution among modes. 
However, it can be shown quite easily that this is not the case and that there 
is significant modal substitution. For example, consider the impact of a 

50 percent increase in the cost of the rail mode on the demand for other 
modes of transport. Given that the direct elasticity of the demand for the 

rail mode is —1.45, the demand for travel by rail drops 72.5 percent (—1.45 x 
50 percent), or a reduction of 4536 (6257 x 0.725) trips. Since the substitution 
index for the rail mode is 67 percent, this means that of these 4,536 trips, 
1497 trips (4536 x 0.33) represent a reduction in total demand and 3039 trips 
(4536 x 0.67) use the other modes of transport. Thus, modal substitution 

is responsible for 67 percent of the adjustment in demand for the rail and 
33 percent of the adjustment results from a decrease in the total number © 
of trips. 


A study of the air and bus modes leads to the same conclusion: following a 
change in price of a public mode of transport, 66 percent of the changes in 
demand for that public mode are offset by changes in the other modes 
(public or private). 


If the price of the auto mode increases, then 29 percent of the decrease in 
the demand for the auto mode is offset by an increase in the number of 
travellers using public modes of transport. Even though the substitution 
effect is significant, it remains less than the substitution effects brought 
about by changes in the prices of public modes. 


3.4 INDIVIDUAL MARKETS 


Having made various observations on the representative market, the price 
elasticities for three specific markets are examined: Montreal—Ottawa, 
Montreal—Toronto and Toronto—Vancouver. 


3.4.1 The Montreal-Ottawa Market 


Analysis: The discussion on the effect of price on price elasticity of modal 
shares in section 3.1 is very relevant to the Montreal—Ottawa market. 
According to Table 3.3 a, b and ¢, the three categories of models, identified 
by properties P.4, P.5 and P.6, result in fairly different elasticities. Models 
whose price elasticity is directly proportional to the price (Peat-Marwick, 
Ridout-Miller, HORIZONS, Grayson, Stopher-Prashker) yield fairly low elas- 
ticities; models whose price elasticity is inversely proportional to the price 
(Gaudry-Wills, Wilson et al.) result in fairly high price elasticities. The PERAM 
model yields elasticities that lie between the first two because price elasticity 
does not change as the price changes. 


It is known that, on average, the prices used to calibrate the Gaudry-Wills 
model correspond to the prices of the representative market. The prices of 
the Montreal—Ottawa market are therefore “extreme” values for the Gaudry- 
Wills model, because they are lower than those of the representative market. 
Since the Gaudry-Wills model generates elasticities that are inversely pro- 
portional to prices (see property P.6), it is not surprising that this model 
yields elasticities that are large in magnitude. The same reasoning applies 

- to the PERAM and Wilson et al. models. Consequently, the Gaudry-Wills, 
PERAM and Wilson et al. models seem ill-equipped to assist in the analysis 
of the Montreal—Ottawa market, and the estimates from these models are 
not used in choosing proposed values. 


Values selected: The Peat-Marwick, Ridout-Miller, HORIZONS, Grayson and 
Stopher-Prashker models yield fairly homogeneous direct price elasticities. 
As was the case with the representative market, differences in elasticities 
across models are larger for the mode with the smallest market share — the 
air mode. The estimates are, however, similar enough to permit the use of 
the Peat-Marwick model as the representative model. Elasticities from this 
model are reported in Table 3.4. 


Table 3.3 
MontREAL-OTTAWA Marker (1976) 


(a) Direct Price Estimates 


Direct price elasticities Direct price elasticities 
of modes of modal shares 
1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


Peat-Marwick 
Ridout-Miller 
Gaudry-Wills 
PERAM 
Wilson et al. 
HORIZONS 
Grayson 
Stopher- 
Prashker 


(b) Cross Price Elasticities 


Cross price elasticities Cross price elasticities 
of modes of modal shares 


2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


1. auto 


Peat-Marwick 
Ridout-Miller 
Gaudry-Wills 
PERAM 
Wilson et al. 
HORIZONS 
Grayson 
Stopher- 
Prashker 


(c) Price Elasticities of Total Demand and Modal Substitution Indices 


Elasticities of travel demand Modal substitution indices (0%,) 


1. auto 2. air . rai 4. 5. auto 6. air 7. rail 8. bus 


Peat-Marwick 
Ridout-Miller 
Gaudry-Wills 
PERAM 
Wilson et al. 
HORIZONS 
Grayson 
Stopher- 
Prashker 


Table 3.4 
Price ELASTICITIES AND SUBSTITUTION INDICES SELECTED, IMonTREAL-OTTAWA Marker (1976) 


(a) Direct and Cross Price Elasticities 


Price elasticities of Price elasticities 
modes of transport of modal shares 


1. auto 2. air 3. rail 4.bus_ /|5. auto 6. air 7. rail 8. bus 


Direct 

elasticities -2.12 —0.65 —0.54 —0.08 —2.11 —0.64 -—0.52 
Cross 

elasticities : ; 0.02 0.07 0.34 0.03 0.03 0.09 


Price elasticities of total demand Modal substitution indices (6%,) 


1..auto 2. air 3. rail 4.bus_ /|5. auto 6. air 7. rail 8. bus 


—0:09 —-0.01 —0.01 —0.02 0.37 0:75 07/5 O72 


Unlike the representative market, the price elasticities of the rail and bus 
modes are inelastic for the Montreal-Ottawa market. All the ground modes 
have inelastic demand (less than or equal to —0.65). Only the air mode has 
an elastic demand. 


Substitution among Modes: The substitution index for the auto mode (0.37) 
implies that 37 percent of the decrease in demand for the auto mode, due to 
an increase in the price of that mode, is added to the demand for the public 
modes. However, 63 percent of the decrease in demand for the auto mode 
is reflected in a decrease in total demand. Even if the effect of substituting 
public modes for the private mode is small, it nevertheless has a considerable 
influence on the modal shares of the public modes. In fact, the cross elas- 
ticity of the public modes compared to the cost of the auto mode is fairly 
high (0.26). 


A change in the price of a public mode primarily affects market shares 
while having little effect on total demand. The modal substitution effect is 
75 percent for the air and rail modes and 72 percent for the bus mode. 


3.4.2 The Montreal-Toronto Market 


Analysis: The elasticities of the Montreal-Toronto market are reported in 
Table 3.6 a, b and c. Of the four markets examined, this market has the most 
homogeneous elasticities across models. The only systematic difference 


MD 


comes from the HORIZONS and Grayson models, which yield considerably 
lower estimates of the own elasticities of the rail and bus modes. Perhaps 
the hypothesized sequential selection process of the HORIZONS model is 
responsible for the low elasticities associated with the public modes of 
ground transportation. 


Values Selected: The price elasticities in Table 3.5 correspond to those of 
the Ridout-Miller model. The price elasticities of the Montreal—Toronto 
market do not differ very much from those of the representative market: 
demand for the auto mode is inelastic (-0.49) and demand for the public 
modes is elastic. 


Table 3.5 
Price ELASTICITIES SELECTED, MonTREAL-ToRONTO MarKET (1976) 


(a) Direct and Cross Elasticities 


Price elasticities of Price elasticities of 
modes of transport modal shares 


1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


elasticities —2.26 —1.12 —1.03 —0.35 —2.07 —1.06 —1.00 
Cross 
elasticities " ‘ ; 0.03 : 0.61 0.18 0.04 


Price elasticities of total demand Modal substitution indices (6%,) 


1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


—-0.13 =6§.15 —0.05 —0.01 0.56 0.70 0.72 0.75 


Substitution among Modes: The hypothesis of no modal substitution 

can be rejected. A change in the price of one mode will definitely lead to 
adjustments to the distribution of travel. The proportions of the adjustments 
resulting from a modal substitution are: 56 percent for the auto mode, 

70 percent for the air mode, 72 percent for the rail mode and 75 percent 

for the bus mode. | 


Table 3.6 
MontREAL-TorONTO Market (1976) 


(a) Direct Price Elasticities 


Direct price elasticities Direct price elasticities 
of modes of modal shares 


1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


—0.64 -—3.00 -1.49 -1.37 —0.48 —2.80 -1.43 —1.36 
-0.49 -2.26 —1.12 -1.03 —0.35 2.07 —1.06 —1.00 
—1.02 ~1.31 -1.70 —1.95 -0.86 -—1.26 oot of -1.94 
—0.54 aed OS) —1.35 —1.46 0.37 -1.24 —1.28 —1.44 
—0.62 —2.70 —1.33 =1.21 —0.42 —2.47 —1.26 -1.20 
—0.69 —1.16 ».,-0.56 0.33 0.35 —0.99 0.51 —0.32 
—0.70 —0.64 —0.67 —-0.64 


Peat-Marwick 
Ridout-Miller 
Gaudry-Wills 
PERAM 
Wilson et al. 
HORIZONS 
Grayson 
Stopher- 
Prashker 


—-0.77 -2.06 —1.99 —1.91 -1.89 —1.88 


(b) Cross Price Elasticities 


Cross price elasticities Cross price elasticities 
. of modes of modal shares 


1. auto 2. air 3. rail 4.bus_ |5. auto «6. air 7. rail 8. bus 


Peat-Marwick 
Ridout-Miller 
Gaudry-Wills 
PERAM 
Wilson et al. 
HORIZONS 


Grayson 
Stopher- 
Prashker 


(c) Price Elasticities of Total Demand and Modal Substitution Indices 


Price elasticities of total demand Modal substitution indices (0%,) 
Models 


1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


Peat-Marwick 
Ridout-Miller 
Gaudry-Wills 


PERAM 
Wilson et al. 
HORIZONS 
Grayson 
Stopher- 
Prashker 


3.4.3 The Toronto-—Vancouver Market 


Values Selected: For the same reasons as those discussed in the analysis of 
the representative market, only the Gaudry-Wills, PERAM and Wilson et al. 
models can be applied to the analysis of the Toronto—-Vancouver market. 
The elasticities of these models for the Toronto-Vancouver market are 
reported in Table 3.8 a, b and c. Table 3.7 summarizes the various estimates 
of price elasticities. 


Analysis: Apart from the dominant mode (air mode), demand elasticities for 
travel are unitary or elastic. It is interesting to note that the direct elasticity 
of the air mode is -0.62 and closely resembles the direct elasticity of the 
auto mode in the other markets. 


Substitution among Modes: Total demand for the Toronto—Vancouver mar- 
ket is more sensitive to the price of the air mode than to the price of the 
ground transportation modes. Given an increase in the price of the auto 
mode, 68 percent of the decrease in travel by that mode is transferred to 
increases in travellers using the other modes. An increase in the price of the | 
air mode, however, implies that 83 percent of the decrease in demand for 
the air mode leads to a decrease in total demand. The market shares of the 
auto, bus and rail modes are affected by a change in the price of the air 
mode as shown by the cross elasticity of 1.45. 


Table 3.7 
Price ELASTICITIES SELECTED, TORONTO-VANCOUVER [MarKET (1976) 


(a) Direct and Cross Price Elasticities 


Price elasticities of . Price elasticities of 
modes of transport modal shares 
1. auto 2. air 3. rail 4.bus_ [|5. auto 6. air 7. rail 8. bus 


-0.15 -1.39 -1.49 


Direct 
elasticities 

Cross 

elasticities 


-0.89 —0.62 —1.42 —1.49 0.89 


0.01 0.98 0.08 0.01 0.01 


Price elasticities of total demand Modal substitution indices (05,) 
1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


—-0.46 —0.04 —0.00 0.68 0.17 0.66 0.68 


Table 3.8 
Toronto-Vancouver Market (1976) 


(a) Direct Price Elasticities 


Direct price elasticities Direct price elasticities 
of modes of modal shares 


1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


-1.26 0.32 —1.30 —1.42 —1.26 —0.12 —1.28 —1.42 
—0.89 -0.62 —1.42 —1.49 —0.89 —0.15 -1.39 -1.49 
-1.02 —-0.44 —0.68 —0.62 -1.02 —0.11 —-0.66 —0.61 


Gaudry-Wills 
PERAM 
Wilson et al. 


(b) Cross Price Elasticities 


Cross price elasticities Cross price elasticities 
of modes of modal shares 


1. auto 2. air 3. rail 4.bus_ /|5. auto 6. air 7. rail 8. bus 


Gaudry-Wills ‘ 0.92 0.09 0.01 0.01 1.12 0.11 0.01 
PERAM : 0.98 0.08 0.01 0.01 1.45 0.11 0.01 
Wilson et al. : 0.56 0.02 0.00 0.01 1.03 0.05 0.01 


(c) Price Elasticities of Total Demand and Modal Substitution Indices 


leesidewnn Price elasticities of total demand Modal substitution indices (6%,) 


1. auto 2. air 3. rail 4.bus_ |5. auto 6. air 7. rail 8. bus 


Gaudry-Wills —0.00 —0.20 —0.02 —0.00 0.82 0.31 0.81 0.82 
PERAM —0.00 —0.46 —0.04 —0.00 0.68) 12M Oi1s 0.66 0.68 
Wilson et al. —0.00 0.33 —0.02 —0.00 0.68 By Ip 0.66 0.68 


4. THe ErrecTs OF AGGREGATION ON THE CALCULATION OF ELASTICITIES 
AND ON ESTIMATES 


This section deals primarily with the quality of the method of approximation 
described in Section 2. The subject is dealt with by examining two elements 
separately: the use of a representative individual and the use of observed 
market shares. 


Section 2 showed that the aggregate direct price elasticity of the share of 
mode m associated with a probability model is represented by equations 
(4.1), (4.2) and (4.3). 


nz, (market) = UX N'en(k) ° f ta, (4.1) 


Zk) = B° C,(k) © [1 —- prob,,(k)] | (4.2) 


exp [B © C,(k) + An(K)] 
prob,,(k) 9. =, ————— (4.3) 
D, exp [B * C,(k) + A,(k)] 


where 
prob,,(k) = the probability that individual k will choose mode m; 
NC, (k) = the elasticity of the probability that individual k will choose 


mode m with respect to the price of that mode; 


nz, (market) = the aggregate own price elasticity with the enumeration 


method; 
ip = individual k’s weight in the population; 
Cink) = the price of mode m for individual k; 
A im(k) = the level of service of mode m for individual k, level of 


service associated with factors other than price. 


Aggregate elasticity is derived as a result of a weighted sum of the elastici- 
ties of individuals. Since sample data are not available, this method cannot 
be used. In this study, aggregate own price elasticity obtained for a 
probability model is calculated using the equation: 


nZ,,(approx.)= B Cs °(1-S,) (4.4) 


A comparison of equations (4.1) to (4.3) with equation (4.4) shows the 
two methods differ in two ways: 


¢ the aggregate value of price elasticity with equation (4.4) requires a 
single price value (C,,,), while the aggregate price elasticity obtained with 
equation (4.1) requires all the prices in the sample; 


Mm 


- the 2, (market) price elasticity is obtained from the calculated probability for 
each individual, while 2, (approx.) is obtained from the market share (S,,). 


The similarity between the elasticities obtained with the enumeration method 
(4.1) to (4.3) and the elasticities calculated with equation (4.4) is illustrated 
by the following empirical examples. 


Santiago: The first example comes from a logit model applied to urban 
data for Santiago, Chile.® The first column in Table 4.1 shows the direct 
price elasticities associated with this model, using the aggregation method 
for individual elasticities (nZ,, (market)). The second column contains direct 
price elasticities (nZ,, (approx.)) for a representative individual based on 
equation (4.4). The third column contains the price elasticity calculated for a 
representative individual, but the share calculated for a representative indi- 
vidual replaces the observed share in equation (4.4), as follows: 


ee exp (B « CAs 
ne,(repres.) = B« C,,° 11 — ————___ | (4.5) 
x, exp (B * C,+ A) 


An examination of Table 4.1 shows that the three methods yield very similar 
estimates. Furthermore, a comparison of columns 2 and 3 indicates that the 
use of market shares yields more precise estimates than the use of the cal- 
culated share of the representative individual according to equation (4.5). 
Although this is not a scientific justification, this example confirms that the 
approximation of aggregate elasticities (nZ,, (approx.)) yields reasonable 
estimates. 


Table 4.1 
Direct Price ELASTICITIES WITH THREE DIFFERENT IMETHODS, SANTIAGO, CHILE 


2. Elasticities of 3. Elasticities of a 
1. Weighted sum a representative representative 
of individual individual, | individual, calculated 
elasticities market share probability 
(nZ,,(market)) (nZ,,(approx.)) (nZ,,(repres.)) 


Montreal—Toronto: The second example comes from the Peat-Marwick 
model (1990). The first row in Table 4.2 presents the direct price elasticities 
of the probability that a low-income individual will choose a mode of trans- 
port for “business purposes” in the Montreal-Toronto market. The second 
row reports the same elasticity for high-income individuals. Rows 4 and 5 
report the same information for non-business travellers. These elasticities 
apply to an individual with the same characteristics as those presented 

in Table Il-11 of the Peat-Marwick study (1990).’ Equation 4.2 is used to 
calculate direct price elasticities. 


Row 3 in Table 4.2 presents price elasticities calculated using the approxi- 
mation of aggregate elasticity (n@,, (approx.)). The elasticities in row 3 differ 
from those in the first two rows because the calculated probabilities are 
replaced with market shares. 


A comparison of row 3 with rows 1 and 2 in Table 4.2 shows that use of the 
approximation approach yields reasonable elasticities that lie between the 
elasticities for high- and low-income individuals. | 


Similar.to row 3, row 6 reports price elasticities calculated using the approx- 
imation of the aggregate elasticity (nZ@, (approx.)). The only difference is that 
the prices are not those for business trips, but rather, average prices of the 
modes for “business and other” purposes. The aggregate price elasticities 
of the Peat-Marwick model for the Montreal-Toronto market are not known, 
but they must correspond to the mean of the values in rows 1, 2, 4 and 5. 
This is precisely what is found in line 6 — an approximation of aggregate 
price elasticities for the Montreal-Toronto market. 


Table 4,2 
Price ELASTICITIES FOR THE IMONTREAL=TORONTO [MARKET (1987) wiTH THE PeAT-[Marwick Mopet (1990) 


Direct elasticities Cross elasticities 


Business purposes: 


1. low-inc. cal- 

culated prob. -2. ; : i 0.53 3.84 0.41 0.02 
2. high-inc. cal- 

culated prob. : : : : 0.13 5.63 0.08 0.00 
3. market share : : ; : 0.29 5.11 O15 0.00 


4. low-inc. cal- 
culated prob. 

5. high-inc. cal- 
culated prob. 


All motives: 


6. market share, 
bus. motives 
parameters 


Note: Equation (4.2) is used for rows 1, 2, 4 and 5, while the approximation equation (4.4) 
is used for rows 3 and 6. 


5, FORMULATING PRICE ELASTICITIES AND THE IVIODAL SUBSTITUTION INDEX 


The formulas used to calculate the modal substitution index and price 
elasticities are presented here. 


5.1 DESCRIPTION OF DEMAND MODELS 


Details on the derivation of the information in Tables 3.3 to 3.8 are discussed 
in this section. Since the interest is in the demand sensitivity to the cost of 
the modes of transport, only the specification of the price variable is explained 
using the probability or modal-split model. All other variables in the modal- | 
split or probability model are grouped together in the A,,, variable. 


The calibrated parameters of some of the models have to be adjusted in 


order to compare the price elasticities given in Section 3. This adjustment 
consists of changing the monetary units of the coefficients in order to 


Mn 


obtain the “Canadian cent of 1976” unit. The probability and modal-split 
models define the level of utility (V,,) of mode m as: 


V,, = BC, +A, AS 1) 


Coefficient B is interpreted as utility per monetary unit of variable C,,; if the 
calibration period is 1972, the following transformation is necessary: 


Bioze = Big72° IPC 1972/1PCi976 (5.2) 


where IPC,,,, and IPC,97, refer to the 1972 and 1976 consumer price indices, 
respectively. Table 5.1 provides the values of price indices and exchange 
rates used in the calculations. 


Table 5.1 
Price INDICES AND EXCHANGE RATES 


Consumer price indices 
Exchange rate ($ CAN./$ U.S.) 


1972 1976 1977 1984 | 
42.6 60.6 65.1 120.7 
0.991 0.986 1.063 1:295 


39.2 
1.077 


The following notation is used: 


Siim = modal share of mode min market // 

Ti = total number of trips in market // 

Cism = price of mode min market // 

IPC, = consumer price index for the year y 

TDC, = U.S.$ exchange rate for the year y 

Nicm (total) = total demand elasticity with respect to the price of mode m 


nZ,, (share) = elasticity of the share of mode m (Sim) With respect to the 
price of mode m (C;,,,,). 


5.1.1 The Gaudry-Wills Model (1978) 


The 1972 Transport Canada data base was used to calibrate the Gaudry- 
Wills model. The generation-distribution model is formulated using 
equation (5.3) and the modal-split model is given in equation (5.4). 


T, = (24.46 + 0.8P/” + 0.001417” 


+ 2.5 {X, exp -1.82(Cj, + 35.7)")4 A, j\\"" (5.3) 
exp +1 182( Cin + 35.7)" + Aim 
ijm Sh ee Tir of ae eel at (5.4) 
ae exp [-1 82(C,)+ ma eke + Ajj] 
where 
P,S= the product of the population of city /and the population of 
city J; 
L; = similarity of the linguistic composition of city / and city j; 
Aiim = travel time, number of departures. 


Equations (5.5), (5.6) and (5.7) were used to calculate the price elasticities of 
the Gaudry-Wills model. For A, = 0.2, A, = 1.94, Ag = -0.24, and A, = 0.17, 


Nic,(total) =-1.82 * 2.5 © (Cag + 35.7) O24 © Siig © U2% ¢ T597 (5.5) 
nf,(share) = -1.82 © (Cm + 35.7) 2 © Crim ® (1 - Siim) (5.6) 


n&(share) = 1.82 + (Cy + 35.7) + Ci,* Si (5.7) 


5.1.2 The Grayson Model (1981) 


The 1977 National Travel Survey data base was used to calibrate the Grayson 
model. The sample consisted of 1,658 trips between 46 city-pairs, including 
New York, San Francisco and Los Angeles. Equation (5.8) describes the 
probability model. 


exp (-0.016C;,,,, a Aim) 


S (5.8) 


ijm 


y, exp (-0.016C;, + Aji) 
where 
Ai = time in vehicle, access time, waiting time. 


Equations (5.9), (5.10) and (5.11) were used to calculate the price elasticities 
of the Grayson model. 


Nc,(total) = 0.247[-0.016 IPC,,(100 IPC;sTDC;7)] * Sim * Ciim (5.9) 
nZ,(share) = [-0.016 IPC,/(100 IPC,g.TDC7)] * Cjim* (1- Sim) (5.10) 
n&(share) = [0.0161 + IPC,,/(100 IPC,,TDC,7)] * Cy * Sin (5.11) 


5.1.3 The HORIZONS Model 


The 1987 data base for the Windsor—Quebec City Corridor Survey was used 
to calibrate the HORIZONS model. Equation (5.12) shows the generation- 
distribution model. 


{26000 ae OW Oly en © (5.12) 
where 
I, = atrip with an origin and destination in Ontario 
I, = a trip with an origin and destination in Quebec 
E, = employment in city / 


Equations (5.13) to (5.16) are for the conditional choice probability models. 
Thus, S, refers to the probability that the auto mode is chosen. The alternative 
is to choose a public mode of transport (1 —- S,). S, refers to the probability 
that the public air mode is selected, provided a public mode of transport is 
selected. The alternative is to select a ground transportation mode (1 — 5,). 
S, and S, refer to the probabilities that the train or bus mode are selected, 
respectively, provided a public mode of ground transportation is selected. 


Ln 


exp (B49 + B,,GC,) 


5 a SE | ee 
exp (Bo, + B4,GC,) + exp (B;2GC’,) 
EXP (Bo + B21GC,) 
exp (B29 + B2,GC,) + exp (B,,GC’,) 
oe exp (B39 + B3i,GC,) 
peli Saas SO ae a ate tae 
exp (B39 + B3,GC,) + exp (B32GC,) 
exp (B3,GC,) 
epee aE enh ne a 
EXP (B39 + B3i:GC,) + exp (B32GC,) 
aus = hy Sair oa (1 er S,) i Sp 


Bee =(1 Sell See 

Ss al i on).* Op 

Ge SA Ea Gvors GC As €.VOT, 
GC, =A, + C,/VOT,, GC, =A, + C, /VOT, 
GC’, = In [exp (Bo + BgiGC,) + exp (B3,GC,)] 
GC’, = In [exp (Bo + B.,GC,) + exp (B..GC ",)] 


VOT, = 28, VOT,=65.7, VOT,=27.8, VOT, = 18.2 


(5.13) 


(5.14) 


(515) 


(5.16) 


(5:17) 


(5.18) 


(5.19) 


(5.20) 


(5.21) 


(5.22) 


(5.23) 


(5.24) 


The price elasticites of the generation-distribution model (5.11) are derived 


using equations (5.25) to (5.28). 
n(total, auto) = B,,°S, °C, VOT, 


n(total, air) = By. * B.,*S,*C,/VOT, 


(D770) 


(5.26) 


n(total, train) = Biz * Boo ° Bs * 5 ¢ C/VOT, (5.27) 


n(total, bus) = By. * Boz * Bs2 ° S, * C,/VOT, (5.28) 


The equations from Table 5.2 were used to calculate the direct and cross 
elasticities of the modal shares in Appendix 1. The reader should note that 
the nested logit model implies a specific structure of cross elasticities: 
elasticities of the public modes with respect to the cost of the auto mode are 
equal; elasticities of the public modes of ground transportation with respect 
to the cost of the air mode are equal. 


Table 5.2 
Price ELASTICITIES OF MODAL SHARES IN THE HORIZONS Moe 


Bij oth = S,) if C,/VOT, 
Bry ; S, ‘ C,/VOT, 
Bi 7 S, if C,/VOT, 
Bi i S, i C,/VOT, 


B12 oh oe S,) x Boy ¥ Sp - C,/VOT, 
[-By2° S,° Bar * S, + Bo 9 (1- S,)] * C,/VOT, 
(-By2 S, 5 Bo, . Sp i Boy S>) e C,/VOT,, 

(-By. S, : Boy ; Sp ce Boy : S,) % C,/VOT, 


—Byz + (1-S,) + Boo ° (1 - S,) °B3,° S,° C, VOT, 
[Biz ° S,* Boo * (1 - S,) * B31 ° S- Baz ° (1- S,) * B31 ° S] ° C,/VOT, 
[Biz ° Sa *° Boz 2 (1- S,)Bs1 ° Si - Bao ° Sp * St * B37 + Bgi 2 (1- Sy)]° C,/VOT, 
[By2° S.* Boo (1 - Sp) Bs1 ° Si - Bao ° Sp * Si * Bs, — B3i° S1° CG/VOT, » 


ig * (1 — Sy) ° Bog UT — S,) * B32 ° S, ° CG, /VOT, 
[-B1.° 5, Po (P= S,) « Bao * Sp — Baz (T= S,) * Bg. ° Sy] * C,/VOT, 
[Bia ° Sz * Boo? (1 - S_)B32 ° Sy + Boo S, * Si* B32 — Baz ° Spl ° C,/VOT, 

[Biz ° Sa * Boo ° (1 - S_)B32 ° S, + Boo * Sp * S, * Bg2 + Baz ° (1- S,)] * C,/VOT, 


5.1.4 The PERAM Model (1976) 


The sample used to calibrate the PERAM Model consists of 16 city—pairs in 
the 1976 Transport Canada data base. The generation-distribution model is 
described by (5.29). Equation (5.30) provides the modal-split model. 


Me 


Tj ld oak a . (CIA) (5.29) 
CT Aim 
JN (5.30) 
LC HAs 
where 
Aim = time spent in vehicle, frequency. 


The price elasticities of the generation-distribution model (5.29) are derived 
using equation (5.31). The modal-split model price elasticities are derived 
using equations (5.32) and (5.33). 


Nc, (total) = B,,, ° 0.32 * Sim | (5.31) 
né (share) = B,,,° (1 — Sim) (5.32) 
né(share) = —B,,° Si (5.33) 


Baus x -0.9, Bair - a, 6, Dian as =i 15; Bsus =-1 a 


5.1.5 The Peat-Marwick Model (1990) 


The data base for the 1987 Windsor—Quebec City corridor travel survey 
was used to calibrate the Peat-Marwick model. Equation (5.34) presents the 
generation-distribution model, while equation (5.35) describes the probability 
model for business travel purposes. 


Ty = @ PE; [> exp (-0.0317Ci+ Ain)” (5.34) 
exp (-0.0317Ciim + Aijm) 

Bae (5.35) 
, exp (-0.0317Ci + Ai) 


where 
Aijm = time spent in vehicle, access time, waiting time, frequency. 
The price elasticities of the generation-distribution model are derived using 


equation (5.36), while the price elasticities of the probability model use 
equations (5.37) and (5.38). 
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Nic,,(total) = 0.247 © -0.0317 ¢ [IPCg,MIPCz5* 100)] * Sim * Ciim (5.36) 


nZ,,(share) = -0.0317 * [IPCg/(IPCy5* 100)] * (1 — Sim) * Crim (5.37) 
n&(share) = 0.0317 © [IPCg7/(IPCy¢ * 100)] * Sim * Cim (5.38) 


5.1.6 The Ridout-Miller Model (1989) 


The data base for the 1969 Windsor—Quebec city corridor survey was used 
to calibrate the Ridout-Miller probability model. The auto mode is omitted 
and the parameters used are those for business purposes. 


Since os Wired Seppe aw ee eo (5.39) 
bay exp (-0.035C;,,/Y; ot Aiii) 


where 
Aijm = access distance, travel time, economic sectors. 


The price elasticities of the probability model are derived from equations 
(5.40) and (5.42). 


Nemitotal) = [0.32 * -0.035 IPCg9/(100 IPC6)1(C,/Y¥) Sim (5.40) 
nz share) = [-0.035 IPC5g/(100 IPC76)(C;,,/¥)(1 — Sim) (5.41) 
nz(share) = [-0.035 IPCo/100 IPCz)C,,/Y)(-Siim) (5.42) 


5.1.7 The SLAG Model (1975) 


The 1972 Canadian Transport Commission data base was used to calibrate 
this model. A more detailed description of the SLAG model can be found in . 
Rea et al. (1977). The generation-distribution model is given in (5.43), and 
the modal-split model is described in (5.44) 


Tj a ge Pee te A (=; Frat bie (5.43) 
Cin Aim 
Sim = —————— (5.44) 
XC Gi Ai 
where 
P; = the product of the population of city ij and the population of 


city / 


A oy 
II 


similarity in the linguistic composition of cities j and j 


> 
= 
II 


travel time, number of departures 


The price elasticities of the generation-distribution model are derived using 
equation (5.45) and those in the probability model are derived from equations 
(5.46) and (5.47). 


Nc,,(total ) =.0.339 *-2.72 « S,_, (5.45) 
N¢,,(share) = -2.72 * (1— S,,,,) (5.46) 
ne(share) = 2.72 ¢ Sj, (5.47) 


5.1.8 The Stopher-Prashker Model (1976) 


The 1972 National Travel Survey data base was used to calibrate the Stopher- 
Prashker probability model. The sample consists of 2,085 trips between 
22 city-pairs. The C,, values correspond to those of the representative market. 


exp (-3.957 * (Ciim/C) + Aim) 


GEICO ACT ea pel ep ce (5.48) 
2», exp (-3.957 + C,,/C + Aj) 
where 
Aim = time spent in vehicle, access time, number of departures. 


The price elasticities of the probability model are derived from equations 
_ (5.49) to (5.51). 


Ncm(total ) = 0.247 * (-3.957) * S.,° Can/C (5.49) 
n@,(share) = -3.957 * (1— S,,,) * Cim/C (5.50) 


né(share) = 3.957 * S,,* C,,/C (5.51) 


5.1.9 The Wilson et al. Model (1990) 


The 1976 Canadian Travel Survey data base was used to calibrate the 
Wilson et al. model. The probability model is reported in equation (5.52). 


exp (—1 5.08C;,,,,/DIST; + A iim) 
Sim = (5.52) 
where 
Aijm = travel time, number of departures, income. 


The price elasticities of the probability model are derived using equations 
(5.53) to (5.55). 


Nem(total) = 0.32 * [-15.08 IPCg4/(100 IPC36)](Ciim/DIST jm)(1 — Sim) (5-53) 
n@,,(share) = [-15.08 IPCy4/(100 IPC 6) Cyn /DIST jin )1 — Sim) (5.54) 
n&(share) = (15.08 IPCg,/(100 IPC,¢)](C,)/DIST 1) Si (5.55) 


5.2 DERIVING THE MODAL SUBSTITUTION INDEX 
The modal substitution index is derived as follows for the rail mode: 
AT rain / ACrain rz AT rota [AC ain * Ader [ACyain i AT gic [AC ain iy LA) Fae IAC ain (5.56) 


where 
Pes = the number of trips taken by the rail mode. 


After a few transformations, the proportion that affects trips taken by the 
other modes (6¢,,,,) can be determined, as can the effect on total demand for 


trips (6) in), 


A Train /ACrrain = A Fite? Crain < PA OR 2 Seas Tae AT gir /AC rain a AT hua / earn 


Ad BY A Bee AT auto/A Grain Ale /AC rain AT us/s Creer | 
{=e 8 ES 
NT nie Cermen AT rain/AGrain Alen? Seas Vien /A Crain 


AT tat /ACirain A ane [AC vain AT air /AC rain AT bue/4 Gua 
VF =— $$ — 4$F=— SoH 
AT ain/AC train | AT rain/ACuah | | NF ns Cia | | Alan JAC wain | 
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7 auto air bus 
N1Ctrain NetrainPaute Netrain Pair Nepemnus 
Pearce ge errr ng rng pie pee 
train train train train 
Nevius | N1Ctrain | brain | N1Ctrain | hin Lape | shane 
Ne S 
1 d O train a Orrain (5.57) 
where 
r 
2 N1Ctrain 
Orrain Ti ine 
rain 
Tics tuain 
and 
r 
z N1Ctrain 
Btrain 1 ae . 
rain 
NiCirain train 


With the exception of the HORIZONS model, the general form of price 
elasticities of the demand models presented in the preceding section are: 


Nc,,(total ) = OB 1m OmCm (5.58) 
Ném(share) = Bin(1 -— S,)Cn (5.59) 
NZ,,(mMode) = Nc,,(total) + nZ,,(share) (5.60) 


When equations (5-58) to (5-60) are substituted in the definition of 6°, the 
following is obtained: 
1-S,, 
6° = 
1+(a—-1)S,, 


6. Mopets EXCLUDED FROM THE ANALYSIS 


The nine models used in the analysis of price elasticities in this study are 
not exhaustive. In fact, there are a considerable number of intercity passen- 
ger travel demand models,® and some judgement had to be used to arrive 
at the list of nine models. 


One of the selection criteria was the applicability of the model to Canadian 
markets. Some demand models estimated using Canadian data were excluded 
from the analysis: Gillen and Oum (1983), Andrikopoulos and Brox (1990) 
and Abdelawabah (1990). 
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6.1 DESCRIPTION OF EXCLUDED MODELS 


6.1.1 The Gillen-Oum Model (1983) 


Gillen and Oum (1983) developed a demand system to explain the percentage 
of income spent on the three modes of public intercity travel and on goods 
and services other than transportation. Since the model was calibrated using 
Canadian time series data, it is not possible to analyze specific markets like 
those discussed in this study. However, the price elasticities derived from 
the Gillen-Oum model for 1976 are comparable to those of the representative 
market, as can be seen in Table 6.1. 


Table 6.1 
Price ELASTICITIES OF THE REPRESENTATIVE MARKET AND THE GILLEN-OuMm MMobEL 


1. air 2. rail | 3. bus 


Direct price elasticities of modal shares with the representative 

market (see Table 3.2) . “1.44 -1.43 9 S34 
Direct price elasticities of percentage of expenditures on modes 

in 1976, Gillen—Oum model —1.15 —1.55 -1.45 


6.1.2 The Andrikopoulos-Brox Model (1990) 


The Andrikopoulos-Brox model (1990) is a demand system that yields the 
percentage of income spent on the four modes of intercity transport. The 
1976 Transport Canada data base, which contains data on intercity trips 
between 86 city-pairs by the four modes of transport, was used to calibrate 
the Andrikopoulos-Brox model. This model was not excluded for methodol- 
ogical reasons but rather for empirical reasons. The cross elasticities of this 
model imply that the four modes of intercity transport are complementary. 
Complementarity between some modes is not unreasonable, but comple- 
mentarity on an aggregate level for all markets seems to run counter to 
intuition and to the findings of all recognized studies. 


In addition to these empirical considerations, the Gillen-Oum and 
Andrikopoulos-Brox models both have, in our opinion, a methodological 
difficulty. They both produce price elasticity estimates for modal expendi- 
tures that are obtained from a calibration based on expenditure percentages. 
With the chain derivative technique, as in equation (6.1), the price elasticity 
of mode m (nZ,, (mode)) can be obtained by using the share of mode m in 
total expenditures (d,). 
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OF UNG. 
nN¢,,(mode) = ° 
A) Ca 
(6.1) 
OF pe Od tome Ge 
Bee) wr loners Rates 
where 
‘cps = expenditure share of mode m. 
MOIS S| 
(6 je pee a (6.2) 
Dicpe dy 


since the number of trips taken by mode m is equal to the product of the 
total number of trips and the percentage of trips taken by mode m, when 
Nem (mode) is calculated using (6.1), a price elasticity estimate of total 
demand is implicitly hidden. It is felt that the price elasticity of total demand 
should be obtained from a model that deals directly with total demand and 
not from a model that explains expenditure shares. 


6.1.3 The Abdelawabah Model (1990) 


The Abdelawabah model was omitted due to specification problems. In fact, 
this model does not include a price variable for business travel, because it 
did not have the “right” sign, that is, an increase in the price of a mode 
Causes an increase in the probability that the mode is chosen. 


7. CONCLUSION 


Several intercity passenger travel demand models have been calibrated in 
the past. Price elasticities of travel demand obtained from these models 
are difficult to compare because they are usually calculated using different 
prices and different trips. This study compared, for the first time, price 
elasticities from different models. 


Price elasticities (direct and cross) of demand for modes of transport within 
four Canadian markets were compared using the parameters from nine 
econometric models. The four Canadian markets are Montreal—Ottawa, 
Montreal—Toronto, Toronto-Vancouver and a representative market made 
up of 155 Canadian markets. 


For each of the four markets analyzed, it was possible to propose price 
elasticities based on certain econometric models. Depending on the market 
studied, some models had to be disregarded. For example, the models esti- 
mated using information from the Windsor-Quebec City corridor cannot be 
applied to the study of travel in the Toronto-Vancouver market. 


Direct elasticities for the rail and bus modes are practically identical for all 
markets. They are both inelastic (about —-0.6) for the Montreal-Ottawa mar- 
ket and elastic (about —1.3) for the other markets. The demand for the auto 
mode almost has unit elasticity (about —0.9) for the “long distance” 
Toronto-Vancouver market and is inelastic (about —0.3) for the other 
markets. Unlike the auto mode, the demand for the air mode is inelastic for 
the Toronto-Vancouver market (about —0.6) and elastic for the other 
markets. 


It was noted that, in general, modal substitution is very important. In fact, a 
change in the price of one mode of transport leads to substitution among 
the modes that is greater than the change in the total travel demand. 


APPENDIX 1. MODAL SHARES/ELASTICITIES FOR THE HORIZONS Mobet 


Table A1 
Prick ELASTICITIES OF THE HORIZONS Moet | 


Representative Market 


Modal demand elasticities Modal share elasticities 
Auto Air Rail Bus Auto Air Rail Bus 


—1.90 0.07 0.02 0.01 —0.50 0.19 0.05 0.04 
0.77 -1.98 0.05 0.04 2.17 —1.86 0.08 0.06 
0.77 0.19 —0.97 —0.10 2.17 0.31 0.93 —-0.08 
0.77 0.19 —0.14 0.73 2.07 0.31 —O.11 ».-O.71 


Montreal—Ottawa Market 


Auto share 
Air share 
Rail share 
Bus share 


Total demand 


Modal demand elasticities Modal share elasticities 


Auto Air Rail Bus Auto Air Rail Bus. 


7 0.00 0.00 0.01 —-0.06 0.01 0.01 0.03 

0.09 O78 0.01 0.02 0.25 —O.77 0.02 0.04 
Rail share 0.09 0.01 —9.1S —0.02 0.25 0.01 —0.19 —-0.01 
Bus share 0.09 0.01 —-0.01 —-0.16 0.25 0.01 0.00 —0.14 


Totaldemand | -0.16 -0.01 -0.01 -0.02 piety CTT Harring NOUN oP 


Montreal—Toronto Market 


| Modal demand elasticities Modal share elasticities 
Auto Air Rail Bus Auto Air Rail Bus 


—0.69 0.10 0.03 0.01 | --0.35 0.27 0.09 0.02 

0.18 =T.16 0.06 0.01 0.51 -0.S3 0.11 0.02 
Rail share 0.18 0.17  -0.56 02 0.51 0.35 —0.51 —0.01 
Bus share 0.18 0.17 —0.11 —0.33 0.51 0.35 —0.05 —O.32 


Toronto—Vancouver Market 


Modal demand elasticities Modal share elasticities 
Auto Air Rail Bus Auto Air Rail Bus 


-7.79 1.22 0.07 0.01 -7.73 3.46 0.20 0.02 

0.03 —2.65 —0.09 0.01 0.09 -0.41 0.22 0.02 
Rail share 0.03 1.64 -2.73 —0.06 —0.09 3.88 —2.60 —0.05 
Bus share 0.03 1.64 —0.70 —1.47 0.09 3.88 —0.57 —1.46 


Total demand —0.06 -2.24 =:13 —-0.01 


Auto share 
Air share 


Auto share 
| Air share 


Auto share 
Air share 


ENDNOTES 


1. The author would like to thank Marc Gaudry, Sophie Mahseredjian and John Sargent for 
their comments. 

2. Equation (2.2) is the elasticity equation from the logit model with a linear utility function. 
This equation is only given as an example to explain the three pieces of information 
required. The elasticities of the models examined in the next section were not necessarily 
obtained from equation (2.2). 

3. Since it is clear that all the price elasticities discussed in Section 3 are obtained from an 
approximation of the aggregate price elasticity, the adjective “approx.” has been omitted 
to facilitate reading. 

4. The discussion is not particular to the approximation of aggregate price elasticity 
described in Section 2. It also holds for the “true” aggregate price elasticity (equation 
(224)): 

5. More precisely, price elasticities decrease in relation to price if the price is greater than 
$1.40. 

6. This model was derived by modifying the model in column 0! of Table 5 in Gaudry et al. 
(1992). 

7. The elasticities in rows 1, 2, 4 and 5 are also calculated by Miller and Fan (1992) (see 
Table 4(b)). The reasons for differences in the elasticities reported by Miller and Fan and 
those reported here are not known. 

8. Miller and Fan (1992) describe and discuss intercity passenger transportation demand 
models. 
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1. INTRODUCTION 


The inter-modal and international competitiveness of the Canadian passen- 
ger transportation sector has become a topical, yet somewhat contentious, 
issue. Of particular interest is the effect of the Canadian tax system on this 
competitiveness, or lack thereof. The purpose of this study is to examine 
and compare quantitatively the impact of taxes on the inter-modal competi- 
tiveness of Canadian intercity passenger transportation (air, bus and rail) 
and the competitiveness with U.S. carriers. 


To determine the impact of taxes on competitiveness, it is important to clarify 
exactly what is meant by the term “competitive.” This study is specifically 
interested in cost competitiveness. Taxes may affect the ability of firms in 
the transportation sector to compete, both against alternative modes and with 
U.S. competitors, by altering the cost of providing transportation services. To 
the extent that taxes affect costs differentially among modes, or impose a 
greater cost burden on Canadian companies vis-a-vis their American coun- 
terparts, taxes affect cost competitiveness. This study uses a new method- 
ology which enables it to quantify the impact of taxation on the cost of 
providing transportation services and to compare this impact across modes. 


* University of Toronto. 


Men 


Many taxes potentially affect the cost competitiveness of transportation 
companies, either directly or indirectly. Unfortunately, data limitations pre- 
clude the analysis of all of them.’ This study includes the following federal 
and provincial taxes in the analysis: fuel taxes, business taxes (for example, 
federal and provincial corporate income taxes and provincial capital taxes) 
and payroll taxes (including UIC, CPP/OPP and various provincial health 
taxes). Note that the introduction of the GST has largely removed any 
federal taxes on business inputs that existed under the old Federa! Sales 
Tax. Although provincial retail sales taxes still result in the taxation of some 
business inputs, these are ignored in this analysis due to lack of data. 


The remainder of the study is organized as follows. Section 2 gives a heuristic 
description of the methodology. Sections 3 and 4 present and discuss the 
results of the quantitative analysis. This includes a comparison of the impact 
of taxes on costs across modes as well as a Canada—United States compari- 
son. The study also includes three fairly extensive appendices. Appendix A 
presents the methodology in a more rigorous fashion than Section 2, while 
Appendices B and C present the Canadian and United States data used 

in the computations. 


2, METHODOLOGY 


A popular approach to the comparative analysis of the impact of taxation 
on business operations is to undertake a cash flow analysis of the following 
sort: specify an “average” or “standard” enterprise for each mode of trans- 
portation, compute the total taxes paid by the standard firm and express 
these as a percentage of total costs, gross revenues or perhaps some defini- 
tion of profits. While this commonly used “accounting” approach is useful 
in identifying important differences in the tax treatment of various modes, it 
lacks strong economic underpinnings and does not address the key questions 
addressed in this study: How do taxes affect the cost of providing a unit of | 
transportation services? How does this impact vary across transportation 
modes? 


To answer these questions, a new methodology grounded more firmly in the 
fundamentals of elementary economic analysis than the more traditional 
cash flow or project analysis approach has been developed. Although the 
concepts are simple and straightforward, to the authors’ knowledge the 
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approach has not been used in other studies of the transportation sector or 
otherwise. An intuitive explanation of the methodology is also provided, 
relying on concepts from elementary price theory. A more rigorous 
representation is contained in Appendix A. 


The idea is very simple. The study considers three broad inputs used in the 
production of transportation services: capital (buildings, land, machinery and 
equipment, and the “planes, trains and automobiles” themselves), labour 
and fuel. The cost of providing a unit of transportation services reflects the 
cost of purchasing these three inputs, which in turn may reflect various taxes 
levied on them, either directly or indirectly. Thus, although a tax is not levied 
directly on the cost of providing transportation services, the cost neverthe- 
less reflects the imposition of taxes on the inputs used to produce the ser- 
vices. This study seeks to measure the “effective” rate of tax on the cost of 
providing the last, or marginal, unit of transportation services. This effective 
tax rate is simply the rate of tax which would have to be levied (hypothetically) 
directly on the marginal cost of providing transportation service to end up 
with the same gross-of-tax marginal cost which results from the various 
taxes actually levied on the firm’s inputs. To the extent that the effective 

tax rate on the marginal cost of providing transportation differs across the 
three modes, the tax system affects the ability of these modes to compete 
both with each other and with their counterparts in the United States. 


The methodology can best be illustrated by considering the example in 
Figure 1. As indicated above, the inputs used to produce transportation 
services are aggregated into three classes called capital, labour and fuel. 
The cost of purchasing a unit of each of these inputs is determined by the 
supply and demand conditions in the appropriate input market. Consider, 
for example, the cost of fuel. This study assumes that the producer price of 
fuel is fixed. This is equivalent to assuming that the supply curve for fuel 

is perfectly elastic. In the absence of taxes, the cost of a unit of fuel to the 
transportation sector is then simply equal to its fixed producer price, which 
is denoted by w,. 


Now consider the output market for transportation services provided by the 
bus industry, for example. The price of a unit of bus services is determined 
by the demand and supply conditions in that market. For the sake of expo- 
sitional simplicity, it is assumed that the output market for bus services is 
characterized by perfect competition.2 The price of a unit of bus transporta- 
tion in the absence of any taxes is illustrated in Figure 1, where p is the 
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Figure 1 
THE OuTPuT MARKET FOR TRANSPORTATION SERVICES 


S(p; w,) 


price, D(p) is the aggregate demand curve for bus services and (p; w;) is the 
aggregate supply curve. (The reason for including w; in the supply function 
will be explained shortly.) The equilibrium price in the absence of any taxes 
is determined by the intersection of D(p) and S(p; w;), and is denoted by p°. 
(Ignore the rest of the diagram for the moment.) 


How are the input and output markets connected? According to standard 
price theory, the aggregate supply curve for the output is simply the (hori- 
zontal) sum of the marginal cost curves for the individual suppliers. The 
marginal cost curves for these individual suppliers indicate the cost of pro- 
viding an incremental unit of output at all output levels. Marginal costs are 
increasing over the relevant range of output (that is, the incremental cost of 
providing the tenth unit of output is greater than the cost of providing the 
first), thus the aggregate supply curve is upward sloping — more output is 
supplied at higher prices. The marginal cost of providing an additional unit 
of output for the individual suppliers obviously reflects the cost of the inputs 
used in production. This is why the aggregate supply function for transpor- 
tation services is written as (p; w;) — to stress the fact that the function tells 
how much supply is forthcoming at various output prices given the price of 
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the fuel input w;. (Only the price of fuel is included in the function for sim- 
plicity. Obviously the prices of capital and labour could also be affected.) If 
input prices rise, the marginal cost of producing an additional unit of output 
will increase, and the aggregate supply curve will shift upward. This is the 
key link between the input and output markets which allows the determina- 
tion of how taxes on business inputs affect the marginal cost of providing 
transportation services. If taxes cause the user cost of an input such as fuel 
to rise, the marginal cost to the firm of providing an additional unit of output 
will increase as well; by how much depends on the substitutability between 
inputs and the technology of how they are combined. 


Given the expositional assumption that the output market is perfectly com- 
petitive, the equilibrium price of a unit of transportation services provided 
by bus companies is equal to the marginal cost of providing the last unit. 
Thus, p® = MC(q®; w;), where MC(q®; w;) is the marginal cost of providing 
the last unit of transportation services given that the price of fuel is w; and 
the total output produced is g°®. 


Suppose a tax at the rate of t percent is levied on the purchase of fuel. The 
impact of this tax on the cost of providing bus services can be illustrated 

in Figure 1. Given the assumption that the producer price of fuel is fixed at 
w;, the user price increases from w; to we where w? = w;(1 + t). But the real 
interest is in the impact of the fuel tax on the cost of providing an incremen- 
tal unit of bus transportation, rather than on the user cost of the fuel itself. 
This is where the relationship between the input and output markets 
discussed above is exploited. 


As indicated earlier, the imposition of the fuel tax increases the user price of 
fuel to the bus industry from w; to We. This in turn increases the marginal 
cost of providing a unit of bus transportation. Thus, the marginal cost curves 
for the individual firms shift upward due to the fuel tax, which in turn causes 
the aggregate supply curve in Figure 1 to shift to S(p; we), which is the sup- 
ply curve for bus services given the now higher gross-of-tax input price for 
fuel, w®. The increase in marginal costs, and therefore the upward shift in 
the aggregate output supply curve, leads to an increase in the equilibrium 
price of bus services from p® to pS, where p& is the gross-of-fuel-tax price 

of a unit of bus transportation. Industry output falls to gq‘. 


Recall that given the expositional assumption of perfect competition in the 
output market, the output price is equal to the marginal cost of the last unit 
produced; therefore, p° = MC(qt; we), where MC(q?t; we) is the gross-of-fuel- 
tax marginal cost of providing the last unit of output expressed as a function 
of the user price of fuel We. Associated with the gross-of-tax marginal 

cost of a unit of transportation services is a net-of-tax marginal cost, defined 
as pN=MC(qt; we), where v,; is the fixed supply price of a unit of fuel, as dis- 
cussed above. 


The effective tax rate on the marginal cost of providing bus services is 
defined as the rate of tax T which if (hypothetically) directly applied to 

the marginal cost of bus transportation would yield the same gross-of-tax 
marginal cost that results under the fuel tax. Thus, T solves the equation 
(1+ T)MC(qt; wi) = MC(qt W4), which gives T= [MC(qt; w2) - MC( qt; w,)/MC(qt wy). 


The effective tax rate on the marginal cost of production gives the rate of tax 
on marginal costs implied by the various taxes levied on business inputs. 
For illustrative purposes, the study focussed on a simple fuel tax and its 
impact on the marginal cost of providing bus services; obviously other taxes 
apply both to fuel and to the other business inputs used in the bus, air and 
rail sectors. All of these taxes impinge on the marginal cost of transporta- 
tion because they increase the user cost of the inputs. An effective tax rate 
on marginal costs, which reflects the aggregate imposition of all these taxes 
for each of the three modes, may be determined. In Section 3, estimates of 
T for bus, air and rail for both Canada and the United States are presented. 


The simplicity of the above discussion illustrates how straightforward the 
approach is, but it also masks a number of important empirical difficulties in 
actually measuring the effective tax rate on marginal costs. A few of the com- 
plications are mentioned here. A more extensive discussion is delegated to 
the data and methodological appendices. 


The first complication concerns the marginal cost function. In order to esti- 
mate T, a specific functional form for the cost function must. be selected. 

A number of choices are possible, including generalized functional forms, 
constant elasticity of substitution (CES), and Cobb-Douglas (C-D), which is a 
special case of the CES. In Section 3 estimates of. 7 using a constant returns 
to scale C-D cost function are presented. This has been used widely in other 
empirical work. For this parameterization, it turns out that Tis a simple function 
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of the factor shares for capital, labour and fuel, and the effective rates of tax 
on those business inputs implied by the tax system. In Appendix A it is 
shown that for this functional form Tis determined as follows: 


T= (1+ ty)°(1 + tp)°(1 + £))% = 1 ohh 


where t; is the effective tax rate on business input /, where i = k,f,| for capital, 
labour and fuel respectively; a, is the input share of capital, o; is the share 
of fuel, and a, is the share of labour, where a; = 1 under the constant returns- 
to-scale assumption. T is computed for each of bus, rail and air, where, of 
course, the input shares and the effective tax rates on the business inputs 
may vary by sector. 


The simplicity of the expression for Tin the C-D case is misleading, as there 
are a number of empirical difficulties. The first concerns the determination 
of the effective tax rates on the business inputs themselves — the tin the 
above expression. A number of issues arise. For example, a simple ad valorem 
fuel tax, such as discussed above, is straightforward; however, many pro- 
vincial fuel taxes are levied on a specific, or per litre basis. Thus, it is neces- 
sary to convert these per litre taxes into ad valorem rates using data on 
average selling prices for fuel. This is a relatively simple problem to overcome; 
the other two inputs, labour and capital, give rise to more onerous difficulties. 


In the case of capital, the federal and provincial income tax systems treat 
the capital used in the three sectors differently. For example, different capi- 
tal cost allowance (CCA) rates apply to buses, planes and trains, and the 
allocation rules used to allocate taxable income among the provinces varies 
considerably for the three modes. Moreover, the “economic rate of depreci- 
ation” on the assets used in the three sectors differs. The effective tax rate 
on capital t, reflects all these differences, and others not mentioned here. 
There is also an aggregation problem which involves exactly what is meant 
by “capital.” Different assets (machinery and equipment, buildings, land, etc.) 
bear different effective tax rates, and some degree of aggregation is required 
to determine the effective tax rate on the broad input called “capital.” 

In the case of labour, there are also difficulties in estimating t. Many of the 
payroll taxes levied on labour, for example, CPP/OPP and UIC, are imposed 
at a flat rate subject to an income threshold. Thus, the average payroll tax 
rate varies by the income of the workers. Moreover, payroll tax rates can 
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vary according to the marital status of the individual. Since the interest in 
this study is on the impact of taxes on marginal costs — which is the cost of 
providing one more unit of output — the impact of taxes on the user cost 

of hiring the marginal worker must also be determined. But the effective tax 
rate on the marginal worker cannot be determined without knowing what 
the worker’s income is! Thus, employment data for each mode are used to 
construct a profile of an “average” worker in each sector. See Appendix B 
for details. 


Another concern is the treatment and interpretation of certain taxes that 
are related to government expenditures. Payroll taxes, property and fuel 
taxes can be considered “benefit taxes” in the sense that the payments are 
used to directly fund specific benefits, such as the provision of health care, 
municipal services and transportation infrastructures that are beneficial to 
the company. 


A question arises regarding whether levies of this sort should be compared 
to other taxes less directly tied to the provision of benefits, such as general 
income taxes or sales taxes. There are two issues in this regard. First, although 
these benefit taxes certainly increase the marginal cost of providing trans- 
portation just as any other taxes do, it may be considered inappropriate to 
account for the costs associated with these taxes without at the same time 
somehow accounting for the benefits — for example, the availability of a 
healthier work force due to the provision of universal access to medical ser- 
vices — which may well lower costs. Second, in the absence of these bene- 
fit taxes, employers may fund things such as health insurance plans, sewage 
treatment and transportation infrastructures on their own, or in the case 

of payroll taxes, workers would have to bear some of the costs themselves 
which could lead to higher wages. In either case, the elimination of govern- 
ment services, and the taxes which fund them, may cause costs to actually 
increase. It is thus questionable that these benefit taxes actually impinge on 
the costs of providing output. On the other hand, the taxes may not be directly 
related to expenditure. For example, if a company hires one more worker 
and pays the payroll tax, services from the government are available 
irrespective of “insurance risks” of the worker (for example, there is no 
“experience related” social insurance). 


A similar argument can be made with regard to fuel taxes that bear little 
relationship to the provision of road services. On the other hand, property 
taxes are directly related to the provision of municipal services to companies, 
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especially development charges. Thus, effective tax rates on marginal costs 
for the case where payroll and fuel taxes impinge on costs are computed 
like any other tax. As well, given the data limitations discussed above and 
the difficulty in separating out the benefit portion of property taxes, they 
are not included in the calculations. 


Finally, a comment should be made regarding the limitations of the approach 
adopted in this study. Although it goes considerably further than most studies 
of the impact of taxation on cost competitiveness by explicitly taking account 
of the linkages between the input and output markets and the technology 
which underlies it, this analysis is still partial equilibrium in nature. For 
example, producer prices are held at a fixed rate when determining the 
impact of taxes on the user costs of the inputs. Although this may be justifi- 
able in a small open economy such as Canada, for some inputs, such as 
capital, for other inputs, in particular labour, this may be questionable. 
More generally, how taxes affect producer prices should be accounted for 
as well. This clearly would require a full general equilibrium analysis, which 
is beyond the scope of this study. 


3, PRINCIPAL RESULTS OF THE COMPARISON OF CANADIAN MMopES 


The principal results of the analysis are shown in Tables 1 to 6, which contain 
estimates of the various effective tax rates (t,, t,, t;, and T) for Canadian 
transportation companies. 


Table 1 contains estimates of the effective tax rate on capital assets, t,, both 
by category of asset and in aggregate. Capital assets in each mode are broken 
into five main categories: building construction, engineering construction, 
machinery and equipment, buses and capital items charged to expense 
accounts.? The calculations indicate that overall, capital investments in the 
rail industry are taxed at a slightly higher effective rate than bus and air 
(33.0%, 30.9% and 22.6% respectively). In aggregate, the Canadian tax sys- 
tem appears to favour capital investments in the air sector relative to bus 
and rail. | 


The differentials in marginal effective tax rates on capital primarily reflect 


differences in capital cost allowance (CCA) rates (unindexed for inflation) 
relative to “economic” rates of depreciation. For example, the CCA rate for 
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air in the machinery and equipment category is 25%, two and a half times 
the estimate of 10% for the economic rate of depreciation for that category. 
The CCA rate in the same category for rail is 10%, almost equal to an 
economic depreciation rate of 8%, and the bus industry is allowed a CCA 
rate of 30%, only one and a half times the economic depreciation rate of 
20%.4 This can result in preferential treatment for air compared to rail and 
bus: as shown in Table 1, bus and rail face higher marginal effective tax 
rates on machinery and equipment. 


Table 1 
CANADIAN MarGINAL EFFective TAX RATES ON CAPITAL 


Parameterization 

Percentage of debt in one dollar’s worth of financing 
Percentage of equity in one dollar’s worth of financing 
Nominal return on debt 

Nominal return on equity 

Inflation rate 


Effective tax rate on capital 

Building construction 

Engineering construction 

Machinery and equipment 

Buses 

Capital items charged to operating expenses 
Overall (t,) 


The aggregate effective tax rate on capital for each mode is the weighted 
average of the effective tax rates for the individual asset categories. If a mode 
exhibits a high marginal effective tax rate in a particular asset category, 

but the weight attached to that category is relatively low, the high marginal 
effective tax rate may be neutralized by the low capital expenditure weight. 
This point is illustrated in Table 1 where bus has the highest marginal effec- 
tive tax rate in engineering construction (44.3% compared to 29.6% and 29.8% 
for rail and air respectively). However, the weight attached to engineering 
construction is only 1.1%, compared to 62.3% for rail.® Thus, the relative tax 
disadvantage for the bus industry in engineering construction is partially 
offset by the low expenditure weight in that category; the overall effective 
rate of tax on capital in the bus industry is still lower than the effective tax 
rate in the engineering construction category. 


Mm 


Tables 2 and 3 contain estimates of the marginal effective tax rate on labour, 
ti, across modes. Table 2 gives the effective payroll tax rates for workers by 
income class. These rates are identical across modes since payroll taxes are 
uniform for all production sectors. In contrast, Table 3 presents effective 
payroll tax rates for an average worker in each sector, using a weighted 
average based on employment statistics to arrive at t, across modes. It 
turns out that the effective tax rates are very similar across modes (5.4%, 
4.2% and 5.6% for rail, air and bus respectively). The differences are due 
solely to variations in the composition of the labour force across the modes. 


Table 2 | 
CANADIAN MARGINAL EFFECTIVE Tax Rates oN LABouR BY INCOME CLASS 
(ALL MODES) 


0-30,500 
30,501-—35,000 

~ 35,001-40,000 
40,001—45,000 
45,001-50,000 


50,001-55,000 
55,001-60,000 
60,001-65,000 
65,001—70,000 
70,001—75,000 
75,001—80,000 
80,001- 


Table 3 
CANADIAN MARGINAL EFFECTIVE Tax Rares oN LaBour (%) 
(WEIGHTED AVERAGE) 


Table 4 presents marginal effective tax rates on fuel, t;, across modes for 
commercial and industrial fuel. The bus industry faces the largest t, for 
fuel: 63.6% versus 38.3% for rail and 32% for domestic air.® Since a lot of 
the flights that leave from Canadian airports have arrived from a different 
country, or are destined for a different country, Canadian planes load up 
with fuel in the country with the lower gross fuel costs. Since the United 
States is Canada’s closest neighbour and since they also have very low fuel 
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taxes relative to Canada, a combined weighted effective fuel tax rate that 
takes into account both the domestic and international aspects of Canadian 
airlines was calculated. Domestic rates are presumed to be the Canadian 
rates listed below. The United States effective tax rates on fuel were used 
to indicate rates faced by domestic airlines engaged in international flights. 
These effective rates were weighted by the proportion of aviation fuel con- 
sumed in Canada for domestic flights to aviation fuel consumed for interna- 
tional flights. For comparison, the effective fuel tax rate faced by Canadian 
airplanes that load up in the United States is also shown. Findings indicate 
that the combined Canadian and U.S. effective tax rate on fuel is 25. T%. 
This is lower than the rate given above for domestic flights only, but much 
higher than the U.S. counterpart (5.6%). 


Table 4 
CANADIAN Marcivat Errecrive Tax Rares on Fuet (% 


Commercial and industrial 


While a comparison of the effective tax rates on each of the inputs used in 
the production of transportation services is certainly of some interest, an 
intermodal comparison of the impact of taxes on cost competitiveness 
requires going beyond a single dimensional analysis and examining how 
the various taxes on business inputs interact to affect the cost of providing 
an additional unit of output in the three sectors. 


As discussed in the previous section, this is determined by calculating the 
effective rate of tax on the cost of providing an additional unit of transporta- 
tion implied by the various taxes on the business input. Tables 5 and 6 pre- 
sent estimates of the effective tax rate on the marginal cost of production, 

T, across modes. The calculations are based on a constant returns to scale 
Cobb-Douglas (C-D) specification of costs which allows for the calculation of 
T by weighting t;, i = k,|,f, by each input’s share of total costs. The shares 
are denoted as o,, for i= k,L,f. 


In Table 5 the effective tax rate on marginal costs reflects the following input 


shares for labour, fuel and capital: 41.1%, 8.6%, 50.3% in the rail industry; 
27.4%, 18.1%, and 54.5% in the air industry; 42.5%, 8.4%, and 49.1% in the 
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bus industry. (The shares are based on transportation statistics of the Royal 
Commission on National Passenger Transportation.)’ For these input shares, 
the rail industry faces the highest effective tax rate on marginal costs at 
21.3%, followed closely by both bus (21%) and air (19.3%). The effective tax 
rates are similar for all three modes, indicating that, on balance, the Canadian 
tax system does not appear to inhibit significantly cost competitiveness 
across modes. The relative tax disadvantages faced by the bus industry in 
terms of fuel are largely offset by low effective tax rates on labour and, to 

a lesser extent, capital.® 


Table 5 
Canaba — Errecrive TAX Rates on MarGinat Cost AND MARGINAL EFFECTIVE TAX RATES ON INPUTS 
(REFERENCE INPUT SHARES) 


Parameterization 

Percentage of debt in one dollar's 
worth of financing 

Percentage of equity in one dollar's 
worth of financing 

Nominal return on debt 

Nominal return on equity 

Inflation rate 


Input share 
Labour 
Fuel 

Capital 


Marginal effective tax rate 
Labour 

Fuel 

Capital 


Effective tax rate on marginal cost 


To isolate the implications of different share structures across modes for 
the impact of taxation on cost competitiveness, an alternative experiment 
was conducted where all of the other parameters were held constant and 
the input shares adjusted as follows. Gillen, Oum and Tretheway were used 
for air. They estimate that Air Canada’s input share structure in 1980 was 
30.2% for labour and 21.7% and 48.1% for fuel and capital respectively. 
Statistics Canada is used for rail. Their estimates of Canadian National’s 
input shares for 1984 are 56%, 10% and 34% for labour, fuel and capital. 
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For the bus industry approximately the same shares are maintained (the 
largest change is in the share of fuel) as used above. The results of this 
experiment are summarized in Table 6. 


Table 6 
CANADA — EFFECTIVE TAX RATES ON MARGINAL CosT AND [MARGINAL EFFECTIVE TAX RATES ON INPUTS 
(MODIFIED INPUT SHARES) 


Parameterization 

Percentage of debt in one dollar’s 
worth of financing 

Percentage of equity in one dollar's 
worth of financing 

Nominal return on debt 

Nominal return on equity 

Inflation rate 


Input share 
Labour 
Fuel 

Capital 


Marginal effective tax rate 
Labour 

Fuel 

Capital 


From these figures it is clear that, under the modified share structure, the 
share of fuel input for the bus industry almost doubles (at the expense of 
both labour and capital). Given the high marginal effective tax rate on bus 
fuel, it is not unexpected that the bus industry assumes the position of the 
highest taxed mode. For the rail mode, the share of fuel is only marginally 
affected under the modified share structure. The share of labour (input with 
the lowest marginal effective tax rate) increases at the expense of capital 
(input with the highest marginal effective tax rate), resulting in rail being the 
least taxed mode. Under the modified share structure, the tax system seems 
to grant a competitive advantage to rail (17.2%) relative to bus (23.8%). The 
effective tax on marginal cost for the air mode remains at approximately 19%. 


Finally, a second set of experiments uses U.S. and combined U.S.—Canadian 


effective tax rates on fuel in the air industry. These results are presented in. 
Table 7. As is shown, the results suggest that employing a combined fuel 
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_ tax rate of 25.7% in the air industry further adds to the tax advantage in that 
mode. Air now faces effective tax rates on marginal costs of 18.2% and 17.9% 
for the respective share structures. Furthermore, if Canadian planes are able 
always to load in the United States, the effective tax rate on marginal costs 
is even lower (14.6% and 13.5% for the respective share structures). 


Table 7 
CANADIAN Air EFrective TAX RATES ON MARGINAL CosT FOR THE SPECIFIED EFFECTIVE FUEL TAX RATES 


Labour 
Fuel 
Capital 


Marginal effective tax rate 
Labour 

Fuel (domestic) . 

Fuel (U.S.) 

Fuel (combined) 

Capital 


Effective tax rate on marginal cost (domestic) 
Effective tax rate on marginal cost (U.S.) 
| Effective tax rate on marginal cost (combined) 


Modified input share 
Labour 

Fuel 

Capital 


Effective tax rate on marginal cost (domestic) 
Effective tax rate on marginal cost (U.S.) 
Effective tax rate on marginal cost (combined) 


These calculations do not take into account the fact that some of the trans- 
portation companies may not be paying taxes in a particular year. As is well 
known, a company that experiences tax losses may be more or less highly 
taxed than full taxpaying companies. When a company is in a tax loss posi- 
tion, it is only able to carry back losses for three years or carry forward losses 
(at no interest) for seven years.? Thus, the time value of loss deductions, 
when carried forward, falls as it takes longer for the firm to use up losses. 


The implication of tax losses is twofold. Companies with economic losses 
or fast write-offs for new investments cannot use the deductions immediately 
compared to companies that never carry forward losses. Thus, these com- 
panies, often facing risk, are more highly taxed than the taxpaying companies. 
On the other hand, profitable companies that are carrying forward prior 
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years’ losses, can shelter income earned from new investments until the 
company begins to pay taxes. In this case, the company can face a lower 
effective tax rate on investments compared to taxpaying companies. On 
balance, the degree to which losses affect the effective tax rate on capital 
cannot be judged unless more information is available on the time profile 
of taxable income and losses in the transportation industry. '° 


It is also important to emphasize the sensitivity of the results to changes in 
the parameters, particularly the input share structure. Though use of the ref- 
erence input share structure indicates that the tax treatment across modes _ 
is equitable, the modified input shares place the bus industry at a competitive 
disadvantage relative to air and rail. 


4. PrincipaL RESULTS OF CANADA-UNITED STATES COMPARISONS 
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In this section a similar analysis based on the American tax system is under- 
taken and the results are compared to the Canadian case. The principal 
results are contained in Tables 8 to 12. | 


Table 8 contains estimates of marginal effective tax rates on capital, t,, both 
by category of asset and in aggregate. The results indicate that, in the United 
States, the rail industry faces the highest effective tax rate on capital (28.5%), 
followed by bus (25.1%) and air (19.5%). Like the Canadian case, the differ- 
ences in effective tax rates on capital between modes are small and of the 
same ranking between modes. Capital investments in the rail industry are 
taxed at a relatively higher rate, while investments in airlines are taxed less 
overall by the American tax system because of generous tax depreciation 
rates for the air industry relative to the economic rate of depreciation. On 
balance, the American tax system favours capital investments in the air 
sector, followed by bus and then rail. 


Overall, United States’ carriers face slightly lower effective tax rates on capital 
than their Canadian counterparts. This is due in part to the capital cost recov- 
ery system in the United States. The write-offs for machinery and equipment 
in the United States are generally faster than those available to Canadian 
firms.11 Another contributing factor is the lower statutory tax rate in the 
United States (on average across all states, 40.4% in the United States as 
opposed to a 42% to 43% federal and provincial combined rate in Canada). 
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Table 8 
U.S. MARGINAL EFFECTIVE TAX RATES ON CAPITAL 


Parameterization 

Percentage of debt in one dollar's 
worth of financing 

Percentage of equity in one dollar's 
worth of financing 

Nominal return on debt 

Nominal return on equity 

Inflation rate 


Effective tax rate on capital 

Building construction 

Engineering construction 

Machinery and equipment 

Buses 

Capital items charged to operating expenses 
Overall (t,) 


Table 9 shows the estimates of the marginal effective tax rate on labour, t;, 
for an average worker in each mode. As before, t; represents a weighted 
average based on labour statistics for each industry. The rates are very 
similar across modes (9.5%, 9.5% and 9.2% for rail, bus and air respectively). 
As in the Canadian case, the differences are due solely to variations in the 
composition of the labour force across modes. Overall, U.S. payroll tax 
rates are about 5 percentage points above the Canadian rates, so along 

this dimension, Canadian firms are at an advantage. 


Table 9 
U.S, MarGinaL Errective Tax Rares on Labour (%) 
(WEIGHTED AVERAGE) | 
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Table 10 presents marginal effective tax rates on fuel, t;, across modes for 
retail fuel consumption. The bus industry has the highest effective tax rate 
on fuel: 44.7% versus 8.6% for rail and 5.6% for air, In comparison to Canada, 
the U.S. has a large fuel tax advantage in all three modes." It should be 
noted that this comparison may be misleading since the differences in load 
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factors and distances travelled by Canadian companies have not been taken 
into account. U.S firms face a denser and more multidimensional market 
when compared to their Canadian counterparts. 


Table 10 
U.S. Marainat Errecrive TAX RATES On Fuel (%) 
(WEIGHTED) 


Tables 11 and 12 show estimates of the effective tax rate on the marginal 
cost of production, T, across modes for the United States. As in the Canadian 
case, Tis calculated for a constant returns to scale Cobb-Douglas (C-D) speci- 
fication of costs which allows 7 to be derived by weighting ¢;, /=k,Lf, 

by each input’s share in total costs. The same input shares employed in the 
calculations for Canada were used. As the figures indicate, the air sector has 
a competitive advantage relative to bus and rail, while rail has a competitive 
advantage relative to bus. This reflects the preferential treatment of capital and 
fuel used in the air industry in the United States as well as the preferential 
treatment of fuel in the U.S. rail industry relative to bus. 


In a mode-to-mode comparison with Canada, the calculations indicate that 
the effective rate of tax on marginal costs in the United States is lower for 
all modes. In the air industry, the U.S. rates are lower than those in Canada 
by approximately five percentage points (14.0% U.S. vs. 19.3% Canadian). 
This is due to a substantially lower fuel tax rate and a lower capital tax rate 
in the United States. Despite the significantly higher fuel tax rates in Canada 
for the rail and bus industry, the effective tax rates on marginal cost are 
quite competitive across countries. Due to the low share of fuel input in the 
rail and bus industries, large differences in the fuel taxes across countries ,, 
have a small impact on the effective tax rates on marginal costs. Compared 
to their U.S. counterparts, Canadian modes have a tax advantage only in 
labour input. . 


As in the previous section, in order to isolate the implications of different 


input share structures across modes for the impact of U.S. taxation on the 
marginal cost of production, a sensitivity test is conducted with all the other 
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parameters held constant. The input shares are adjusted accordingly. These 
alternative calculations are summarized in Table 12. Unlike the Canadian 
case, the ranking of the modes by their effective tax rates on marginal costs 
is not sensitive to the specified change in input share structures: under both 
share structure scenarios bus has the highest T, followed by rail and air. 


Under the modified input share structure, the difference across countries in 
the effective tax rates on marginal costs lies within 2 percentage points for 
the rail and bus industries. For the air mode, the competitive edge of the 
United States has increased by 1 percentage point. 


Table 11 
U.S, Errecrive TAX Rates on MMarGINAL Cost AND MarGINAL Errective TAX RATES on INPUTS 
(REFERENCE INPUT. SHARES) 


Parameterization 

Percentage of debt in one dollar’s 
worth of financing 

Percentage of equity in one dollar's 
worth of financing 

Nominal return on debt 

Nominal return on equity 


Inflation rate 


Input share 
Labour 
Fuel 
Capital 


Marginal effective tax rate 
Labour 

Fuel 

Capital 


Overall, on balance (irrespective of the input share structure used) the 
Canadian tax system places transportation companies at a competitive dis- 
advantage relative to their American counterparts, particularly for the air 
mode. Although the effective payroll tax rate is significantly lower in Canada, 
the effective rate of tax on fuel is substantially lower for all modes in the 
United States. The effective tax rates on capital are slightly lower for all 

U.S. modes. 
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Table 12 
U.S. Errecrive Tax Raves on MARGINAL CosT AND MARGINAL EFFECTIVE TAX RATES ON INPUTS 
(MODIFIED INPUT SHARES) 


Parameterization 
Percentage of debt in one dollar's 

| worth of financing 

Percentage of equity in one dollar's 
worth of financing 

Nominal return on debt 

Nominal return on equity 

Inflation rate 


Input share 
Labour 

| Fuel 
Capital 


Marginal effective tax rate 
Labour 
Fuel 

Capital 


Effective tax rate on marginal cost 


AppeNpIx A: DERIVATION OF EFFECTIVE TAX RATES 


This appendix provides a more formal statement of the methodology dis- 
cussed in Section 2. First, the formulae are presented for marginal effective 
tax rates for three inputs in the production process: capital, labour and fuel 
(t,, t, and t; respectively). Subsequently an expression for the effective tax 
rate on the marginal cost of production (7) is discussed. 


A.1 THE MARGINAL EFFECTIVE TAX RATE ON CAPITAL 


The methodology closely follows Boadway, Bruce and Mintz (1987). It is 
assumed that the interest rate is invariant to changes in domestic fiscal policy. 
This is consistent with a small open economy assumption whereby the net- 
of-tax rate of return required by investors is determined by the world capital 
market. Figure 2 illustrates this situation diagrammatically. Domestic suppliers 
of capital must receive r', the net-of-tax world rate of interest, or else they 
would invest elsewhere. D, represents the demand for capital schedule, 
showing the relationship between the gross-of-tax rate of return and the 
quantity of capital demanded, K, while D depicts the relationship between 
the net-of-tax rate of return to capital and the quantity of capital demanded. 
The intersection of D} and rN allows us to determine the equilibrium quan- 
tity of capital, K*. Suppliers of capital will receive the net-of-tax real rate of 
return, r\, while capital users will have to pay an amount equal to r°®. In turn, 
this will have to be equal to the marginal return to investment by a firm. The 
difference between r& and rN is a tax wedge created by tax instruments which 
affect the user cost of capital. This wedge, assumed to be net-of-depreciation 
and in real terms, may be converted to a rate by dividing it by the net-of-tax 
real rate of return paid to the supplier of capital. This rate is defined as f,, 
the marginal effective tax rate on capital. In the following discussion 
expressions are determined for r‘ and r&, and use d to find t, = (r$ — rN)/r. 


Before proceeding with the discussion, it is necessary to emphasize an 
important distinction concerning the economic nature of capital. Capital 
provides services over time and it depreciates, or physically wears out over 
time: capital services flow from the stock of capital while the stock itself 
depreciates. This distinction is crucial for the analysis of the effects of taxes 
on the user cost of capital since the tax code has an impact on the cost of 
capital services and the cost of depreciation through different channels: 
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Figure 2 
THE MARKET FOR CAPITAL 


K* K 


capital services are affected by interest deductibility provisions in corporate 
income tax (CIT) rates at the federal and provincial level, while depreciation 
is affected by capital cost allowance (CCA) provisions. 


When a cost-minimizing firm decides to make a marginal investment, neo- 
classical theory stipulates that the gross-of-tax return to that investment 
must be equal to what is termed the user cost of the investment in capital, 
which consists of two components: the user cost of financing capital services 
and the user cost of depreciation. Thus, the user cost of capital is affected 
both by taxes which directly affect the cost of financing and by tax provisions 
for depreciation. In the following the user cost of financing capital services 
and the user cost of depreciation are determined and then combined to 
arrive at an expression for the user cost of capital, r°. 


The user cost of financing capital services depends on the financial structure 
of the firm. A firm can choose to finance one:dollar’s worth of capital through 
debt financing — issuing bonds or borrowing funds — or through equity 
financing — retaining earnings or issuing new shares. The real cost of 

one dollar’s worth of debt financing is the nominal interest rate adjusted 
for inflation, while the real cost of financing through equity is the nominal 
yield on equity adjusted for inflation and risk. 


Me 


Corporate income taxes directly affect the real cost of debt financing through 
interest deductibility provisions, whereas the cost of equity is not deductible. 
In a small open economy the differential taxation of debt and equity at the 
personal level does not affect the cost of funds to the firm, and personal 
taxes may be ignored in what follows. 


By defining the following terms: 


rf = real gross-of-tax user cost of financing to the firm 

r? = real gross-of-tax user cost of debt financing to the firm 

r= = real gross-of-tax user cost of equity financing to the firm 

B = share of debt in one dollar’s worth of financing capital services 


(1-8) = share of equity in one dollar’s worth of financing capital services 
i = nominal interest rate 


Je = corporate income tax rates 
p = nominal return to equity 
“te = inflation rate 


the real gross-of-tax user cost of finance to the firm can be expressed as: 


rF=Br2+(1-)rF (2) 
where 

rO=i(1-U%-1 (3) 
and 

rE=p-n (4) 
Thus: 

r’ = Bi(1- U°) +(1-B)p-2 (5) 


As a corollary, note that the real rate of return required by the suppliers of 
capital, rN, is simply r“ = B/ + (1- B)p — x. This expression provides the first 
term needed in order to calculate t,. . 


The second component of the user cost of capital to the firm is the user cost 
of depreciation. As noted previously, capital stocks physically depreciate 
over time as they wear out. They may also appreciate or depreciate in value 
over time as a result of changes in the relative price of investment goods 
which differ from the inflation rate. The combination of these two charac- 
teristics of the capital stock is known as the economic rate of depreciation. 
Let G denote the real change in value of the capital stock and 6 the physical 
rate of depreciation. The economic rate of depreciation is then 5° = 0- q 
(the calculations in the text assume that q = 0). Now suppose that CCAs 

are allowed at a constant declining-balance rate equal to d, ignoring for the 
moment the half-year rule in the Canadian tax code. The present value to 
the firm of capital cost allowances is then: 


Ucd 
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In each period the CCA rate times the CIT rate is allowed as a deduction. If 
the fact that the value of the capital stock is reduced in each period by the 
CCA rate is taken into account and the fact that tax authorities base depreci- 
ation allowances on an historical cost basis, with no adjustment for inflation 
assumed, and if the CCA rates are discounted by the real cost of finance to 
the firm,'? then the total gross- -of-tax real cost of holding one dollar’s worth 
of capital services may be defined as (rF + 8°)(1—Z). At the margin, this real 
cost must equal the net-of-tax price the asset could be rented for in its next 
best use, and must be sufficient to cover economic depreciation as well as 
taxes. If R&(1 — US) is defined as the marginal net-of-tax return to capital, 
then the gross-of-tax return to capital is RG = (rF + S°)(1 — Z)/(1— U*). Since RS 
is gross-of-depreciation and the required net-of-depreciation return to the 
marginal investment is the desired calculation, the economic rate of depre- 
ciation must be subtracted from RS to arrive at r°. The expression for 

r& may be summarized as follows: 


r& = (rF + 2)(1— Z)A1 —- US) - 5° (7) 
Now all the necessary information is in place to provide an expression for 


the marginal effective tax rate on capital, t,. This rate may be formally 
expressed as follows: 
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A.2 THE MARGINAL EFFECTIVE TAX RATE ON LABOUR 


To calculate tf, it must be assumed that for a particular sector, the elasticity 
of labour supply is infinite, that is, the supply curve, L,, in Figure 3 is perfectly 
horizontal.'* The gross-of-tax demand for labour curve in the transportation 
sector is downward sloping and is denoted as D, in Figure 3. D, depicts the 
relationship between labour demand and gross-of-tax wages, s&. Since 
payroll taxes differ by type of worker (income level), the tax bill depends 

on the composition of the work force. For this analysis, this composition is 
assumed to be constant. 


ps shows the relationship between net-of-tax wages, s\, and labour demand. 
The difference between s° and sN is the tax wedge imposed on labour. Given 
the assumption of a perfectly elastic labour supply curve for a particular 
sector, and the inability to account properly for the possibility that payroll 
taxes may be interpreted as benefit taxes, the firm bears the entire burden 
of any taxes levied on their payroll. 


Figure 3 
THE MARKET FOR LABOUR 


Given this interpretation, the marginal effective tax rate on labour is simply 
obtained as: 


ein 
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Tener (9) 


A.3 THE MARGINAL EFFECTIVE TAX RATE ON FUEL 


It is assumed that the single firm faces a horizontal supply curve for fuel. The 
marginal effective tax rates on fuel are then simply equal to the equivalent 
ad valorem statutory tax rates. 


A.4 THE EFFECTIVE TAX RATE ON MARGINAL COST 


In this section the methodology to compute the effective tax rate on the mar- 
ginal cost of production for given marginal effective tax rates on individual 

inputs is discussed, and some of the main methodological problems inherent — 
in any cost study are mentioned. 


Economic theory defines cost, C(y, w)), as the minimum value function for 
the following problem: 


min wk s.t. f(x) =y (10) 


where yis a vector of outputs, x is a vector of inputs, f(x) is the representa- 
tion of technology, and w’ is the vector of factor input user prices. As such, 
C(y, w’) may be written as C(y, w’) = w’x*, where x* represents optimal 
quantities of inputs and depends on the vector of outputs and the vector of 
user input prices. These user prices incorporate any opportunity costs asso- 
ciated with factor inputs. In general, w’ will depend on market prices for 
inputs, w, and a vector of marginal effective tax rates on inputs, t. 


In the absence of taxation, w’ = w and the incremental, or marginal, cost of 
producing an additiona!} unit of output of type / is: 


MC iy, w) =e wy 


(11) 
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When input taxes are introduced, w’ = w(1 + t). The marginal cost of 
producing an additional unit of output of type i is MCily, w(1 + 2)]. 


The difference between MC|[y, w(1 + t)] and MC;(y, w) may be thought of 
as the wedge between the gross-of-tax marginal cost and net-of-tax marginal 
cost for producing output of type i. The wedge depends on t and the func- 
tional form used to represent C. The wedge may be converted into a rate by 
dividing it by MC,(y, w). This yields the marginal tax rate on marginal costs of 
production (7). T serves as a tool for measuring the effective rate of tax on 
the marginal cost of providing transportation services. Modes in which a 
higher tax rate relative to other modes is observed are placed at a competitive 
disadvantage by the tax system. 


The preceding remarks provide a very general description of the methodology 
adopted in this study. The next step is to discuss the treatment of costs in a 
more detailed fashion, first specifying the nature of carrier output and then 
examining functional forms which may be used for estimating T across 
modes within a country or within modes across countries. 


Carrier Output 


Passenger services differ according to service characteristics such as speed 
of trip, quality of service, etc.; this equates to a carrier providing different 
services Or outputs on the same trip. In effect, multiple outputs are produced, 
the number of which depend on service definitions. It is beyond the scope 
of this paper to analyze multi-output passenger services. The assumption is 
made that each carrier produces a single homogeneous passenger output 
which is defined to be comparable across modes. 


Functional Forms 


The analysis focusses on three types of inputs in the production process, 
capital, labour and fuel, and assumes that firms seek to combine these 
inputs in a way that will minimize the cost of attaining some level of output. 
The relationship between user prices and the cost of production is known 
as the cost function. The specific form of the cost function may be estimated 
econometrically using available data to recover the underlying structure 

of technology, and conclusions may be drawn regarding the specific para- 
meters which describe an agent’s behaviour. Since an econometric estima- 
tion is beyond the scope of this paper, the functional form to be used for 
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representing costs is specified exogenously and parametric information is 
obtained from existing data and previous studies. 


Informational requirements and restrictions faced in the study are discussed 
with three types of functional forms, the Cobb-Douglas (C-D) cost function 
and the constant elasticity of substitution cost function (of which the Cobb- 
Douglas is a special case). The informational requirements for the use of 
flexible functional forms are also discussed briefly. | 


Cobb-Douglas Cost Function (C-D) 


For inputs i (i = capital (K), labour (L) and fuel (F)), the Cobb-Douglas cost 
function is written as: 


uy 
Cy, Wel Ay"| [twi)s' (12) 


where >a; = 1, and n represents the elasticity of scale. The underlying tech- 
nology is homothetic and exhibits increasing, decreasing or constant 
returns-to-scale respectively for n > 1,n < 1 and 7 = 1. Allen-Uzawa elasticities 
of substitution (o = CjC/C;C) are equal to unity for all pairs of factor inputs: 
this implies that value shares are constant for all inputs (they are represented 
by the o values). 


The marginal cost of an additional unit of output is: 


mc = 2 = Lay iw (13) 


Given N+1 exogenous values for conditional demands and marginal cost, 
all N+1 free parameters can be recovered. 


Then, 7 can be obtained as follows: 
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This can be simplified to: 
T=[[(14+ t)*/-1 (15) 


Constant Elasticity of Substitution Cost Function (CES) 


The CES cost function is defined as follows: 


1 Z 
Cly, w) = Ay'| dodwi -sfi-e (16) 


where , >a; = 1, 1 is the elasticity of scale, and o # 1. The underlying tech- 
nology is homothetic. Allen-Uzawa elasticities of substitution are equal to 
o for all pairs of factor inputs. 


The following expression must be defined: 
ae 
Mw) =|dradwi)t-e]i-9 (17) 
i 


(Notice that this expression is also valid for the Cobb-Douglas case when 
o=1and Uw’ = J [(wj)%4) 
i 


The marginal cost of an additional unit of output is: 


a 
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Given N + 1 exogenous values for conditional demands and marginal cost, 
and an exogenous estimate for o, the residual N + 1 free parameters can be 
recovered. 7 


Then, 7 can be obtained as follows: 


1=7 
Ay Mw) Mw Soulwiit-° 
| oN sa gece crag nner as =| (19) 
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Flexible Functional Forms 


Flexible functional forms allow for any regular configuration of Allen-Uzawa 
elasticities of substitution to be represented. Furthermore, they do not restrict 
the technology to be homothetic. Examples are the generalized Leontief 

cost function, the translog cost function and the non-separable CES function. 


The informational requirements for using a flexible form are quite exten- 
sive: calibration requires exogenous values for all pair-wise elasticities of 
substitution as well as expenditure elasticities of input demand (for the 
non-homothetic case) and the elasticity of scale. | 


In this study, for the sake of simplicity, the single-output Cobb-Douglas 
technologies were adopted, and shares obtained from previous studies 
were used. 


Appenpix B: STATUTORY TAX RATES AND AGGREGATION DATA 


This appendix contains a summary of the taxes which were included in the 
analysis. Section B.1 discusses the tax provisions that have an impact on 
the user cost of capital: corporate income tax rates at the federal and pro- 
vincial level that affect the user cost of financing capital services and capital 
cost allowances that affect the user cost of depreciation. Also included is a 
description of the weights that were used to aggregate depreciable capital 
assets and a summary of useful service lives of capital assets and their equiv- 
alent historical rates of depreciation. In sections B.2 and B.3 the taxes that 
affect labour and fuel respectively are discussed and presented in a tabular 
form. 


B.1 CAPITAL TAXES AND CAPITAL WEIGHTS 


B.1.1 Corporate income Taxes 


Federal Corporate Income Tax Rate (FCIT): The federal corporate income tax 
is levied on taxable income at a flat rate of 38 percent as of July 1, 1988. 


Federal Abatement: All Canadian resident corporations, with the exception 
of:federal Crown corporations,"® are eligible for an abatement on federal tax 
payable to ease the burden of provincial corporate taxation. This abatement 
is equal to 10 percent of a corporation’s taxable income earned in a province. 
The definition of taxable income earned in a province varies across modes 
of transportation as the Act treats transportation differently from other cor- 
porations. This aspect will be further analyzed when examining the effects 
of the CIT on the costs of financing capital for each mode. © 


Federal Surtax: As of 1987, a federal surtax of three percent is applied to 
federal tax payable. The 10 percent abatement is deducted from tax other- 
wise payable for the purpose of calculating the federal surtax, but the abate- 
ment is calculated on the whole of the corporation’s taxable income earned 
in the year. All corporations with the exception of Crown corporations are 
eligible for the 10 percent reduction in the FCIT. 


Table 13 exhibits the federal corporate income taxes for different business 


classifications. Transportation service industries are subject to the general 
business rate unless they qualify for the small business deduction; this 
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analysis, however, precludes this possibility. The corporate rates presented 
are inclusive of the 10 percent reduction in the basic rate for provincial 
taxes paid. 


Table 13 
FEDERAL CORPORATE INCOME TAXES, 1991 


Corporate rate | Surtax Total rate 


(%) 


Effective July 1 
General business 
Manufacturing and processing 
General small business 

Small business manufacturing 
and processing 


For the calendar year 
General business 
Manufacturing and processing 
General small business 

Small business manufacturing 
and processing 


Source: Canadian Tax Foundation publications. 


Provincial Corporate Income Tax Rates: Provinces in Canada may levy 
corporate taxes on corporations that are deemed to have a permanent 
establishment in their province. Table 14 presents a summary of provincial 
corporate income tax rates in effect as of 1991.'° The federal government 
has an agreement with most provinces, whereby it collects provincial 
corporate income taxes for the province in exchange for the province's 
agreement to use the same tax base." If a corporation has a permanent 
establishment in only one province, then that province applies its own tax 
rate to the total taxable income of the corporation. If a corporation has a 
permanent establishment in more than one province, then the taxable income 
attributable to a province is calculated according to an allocation rule. "8 
For most corporations these allocation rules dictate that the proportion of 
taxable income attributable to a province is some average of the proportion 
of gross revenue earned in the province to total gross revenue earned in 
Canada, and the proportion of wages and salaries paid in the province to 
total wages and salaries paid in Canada. However, the Income Tax Act gives 
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Table 14 
PROVINCIAL CORPORATE INCOME Tax Rares, 1991 


Newfoundland 17 
Prince Edward Island 15 
Nova Scotia & 16 
New Brunswick 17 
Quebec 6.90/16.25 
Ontario 14.5/15.5 
Manitoba iy 
Saskatchewan 15 
Alberta 15.5 
British Columbia 15 
Yukon 2.5/10 
Northwest Territories 12 


Sources: Canadian Tax Foundation publications and Arthur Andersen & Co., Tax Forum, Vol. 3, 
June 1991. 


Note: Where two figures are shown, the first figure applies to businesses that qualify for 
preferential tax status. 


differential treatment to the transportation industry with respect to allocation 
rules: the allocation rule in each mode is unique. The rules for allocating 
taxable income to a province for rail, bus and air are as follows: 


° Rail 


Taxable income earned by a railway in a province in which it has a permanent 
establishment is defined as the taxable income of the railway times one half 
of the aggregate of the proportion of equated track miles’? in a province 
equated to track miles in Canada; and, the proportion of gross tonne-miles 
in a province to gross tonne-miles of the corporation in Canada.2° 


¢ Bus 


Taxable income earned by a bus corporation in a province in which it has a | 
permanent establishment is defined as the taxable income of the bus corpo- 
ration times one half of the aggregate of the proportion of the number of 
kilometres driven by the corporation's vehicles, whether owned or leased, 

in a province to the total number of kilometres driven in Canada; and, the 
proportion of the aggregate of salaries and wages paid in the province to 
the aggregate of all salaries and wages paid in Canada.?' 
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° Air 


Taxable income earned by an airline corporation in a province in which it 
had a permanent establishment is defined as the taxable income of the air- 
line times one quarter of the aggregate of the proportion of the capital cost 
of the corporation's fixed assets, except aircraft, ina province, to the capital 
cost of the corporation’s fixed assets, except aircraft, in Canada; and, the 
proportion of three times the number of revenue plane miles flown by its 
aircraft in a province to the total number of revenue plane miles flown in 
Canada by its aircraft.?2 


To summarize, tax instruments that affect the real cost of financing through 
debt are: the federal corporate income tax, the federal abatement for provin- 
cial taxation, the federal surtax, provincial corporate income taxes and the 
rules used for allocating taxable income to a province. To the extent that 
any of these differ among modes, the real cost of financing through debt 
will differ among modes. In turn, this will affect the real cost of finance across 
modes of transportation. Table 15 shows combined federal and provincial 
corporate income tax rates by province for small businesses and other types 
of establishments, while Table 16 depicts combined federal and provincial 
corporate income rates for rail, bus and air by province, inclusive of the 


Table 15 
CoMBINED FEDERAL AND PRovINCIAL CORPORATE INCOME TAX RATES BY PRovINcE, 1991 


Newfoundland 
Prince Edward Island 
Nova Scotia 

New Brunswick 


Quebec 

Ontario 

Manitoba 
Saskatchewan 
Alberta 

British Columbia 
Yukon 

Northwest Territories 


Sources: Canadian Tax Foundation publications and Arthur Andersen & Co., Tax Forum, Vol. = 
June 1991. 


Note: Large transportation firms are taxed at the lower provincial rate for large businesses 
in Quebec. : 
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allocation rules used for calculating taxable income in a province. When all 
is said and done, it turns out that the combined rounded corporate income 
rates are very similar across the modes: bus has the lowest rate at 42% 
followed closely by air and rail at 43%. 


Table 16 
COMBINED FEDERAL AND PROVINCIAL CORPORATE INCOME TAX Rates BY Province, 1991 


Newfoundland 
Prince Edward Island 
Nova Scotia 

New Brunswick 


Quebec 

Ontario 
Manitoba 
Saskatchewan 
Alberta 

British Columbia 


B.1.2 Capital Cost Allowances 


Allowable capital costs may be deducted from taxable income for tax purposes. 
These deductions are specified by the Income Tax Act and are allowed on 
depreciable capital assets. For tax purposes, assets are grouped into differ- 
ent classes; these classes are then assigned a rate at which capital costs 
may be deducted from taxable income. A constant declining-balance rate 

is used for most classes of capital assets, although some classes receive 
straight-line treatment. The Income Tax Act dictates that the allowable CCA 
rate be applied to the original undepreciated cost of the asset, and in the 
first year of acquisition the allowable rate is one half of the rate applied to 
subsequent years.?3 In this section the data used to calculate the present value 
of CCA deductions are presented. In Table 17, classes of assets prescribed 
by the Income Tax Act and the associated, applicable CCA rate are shown. 
These classes are then aggregated into five categories of depreciable capital: 
building construction, engineering construction, machinery and equipment, 
and capital items charged to expense accounts. These categories and their 
associated CCA rates are presented by mode in Table 18. 
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Table 17 
CCA Rares BY CLASS OF ASSET 


Airplane hangars 
Aircraft — 
furniture, fittings, equipment, or spare parts 
Airplane runways 
| Asphalt surface, storage yard 
Automobiles 
Buildings — 
brick, stone, cement, etc. acquired after 1987 
Buses 
Fittings, aircraft 
Machinery and equipment 
Radar equipment 
Railway cars 
Railway locomotives 
Railway system 
Railway track or grading 
Railway traffic control or signalling equipment 
Roads 
Spare parts for an aircraft 


on- - © 


— 
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Source: Canadian Tax Foundation publications. 


Table 18 
CCA Rares By TyPE OF ASSET AND BY MobE 


Building construction 


Engineering construction 

Buses 

Machinery and equipment 

Capital items charged to operating 
expenses 


B.1.3 Capital Asset Taxes and Property Taxes 


Canadian capital asset taxes and property taxes enter into the equation for 
the marginal effective tax rate on capital in an additive fashion. 


Capital Asset Taxes: General Canadian capital asset taxes are levied by Quebec, 
Ontario, Manitoba and Saskatchewan on asset values yearly. These taxes 
are deductible from corporate income tax. The respective rates for the - 
above listed provinces are: 0.5%, 0.3%, 0.4% and 0.25%. 


1680 


Property Taxes: Property taxes have not been included in this study due to 
difficulties in finding disaggregated data for the modes under examination. 


B.1.4 Historical Depreciation Rates and Capital Weights 


Table 19 contains a summary of weights in capital expenditures by category 
of asset; these weights were used to aggregate categorical marginal effective 
tax rates on capital in order to arrive at an overall rate for each mode.24 
Table 20 presents the useful service life2® of each category of capital asset 
by mode as well as the equivalent constant declining-balance historical 
depreciation rate. 


Table 19 
SUMMARY OF WEIGHTS IN CAPITAL EXPENDITURES 


Building construction 
Engineering construction 


Buses 

Machinery and equipment 

Capital items charged to operating 
expenses 


Source: Statistics Canada publication. 


Table 20 
SUMMARY OF USEFUL SERVICE LIVES AND EQUIVALENT ConsTANT DECLINING-BALANCE DEPRECIATION RATES 


Building construction 

Engineering construction 

Buses 

Machinery and equipment 

Capital items charged to operating 
expenses 


Source: Statistics Canada publications. 


B.2 PAYROLL TAXES 


This section provides a summary of payroll taxes at the federal and provin- 
cial levels. Employer contributions to the Canada/Quebec Pension Plans 
(CPP/OPP), federal unemployment insurance contributions (UIC) and provincial 
health and education payroll taxes have been taken into account. In the 
remainder of this section these taxes are itemized and discussed briefly. 


Canada/Quebec Pension Plans (CPP/QPP): The Canada Pension Plan has 
been in effect since 1966 in all provinces in Canada except Quebec, which 
operates the Quebec Pension Plan under the same contribution rules as the 
CPP. Currently, maximum pensionable earnings of $30,500 and a basic 
exemption of $3,000 are taxed at 2.3%. Table 21 provides a summary of 
CPP/OPP rates and earnings ceilings for 1991, while Table 22 illustrates 
effective rates by income class where the rate is calculated for the upper 
limit of each income range presented. 


Table 21 
CANADA/QueBec PENSION PLAN Rares FOR 1991 


Maximum pensionable earnings ($) 
Basic exemption ($) 


Contribution rate (%) 
Employers 
Employees 
Self-employed 


Maximum contribution ($) 

Employers 

Employees 632.50 
Self-employed 1,265.00 


Source: Canadian Tax Foundation publications. 


Table 22 


CPP/OPP Errective Rares By Income BRACKET, 1991 


income (CANS) 


0-30,500 
30,501-35,000 
35,001-40,000 
40,001-45,000 
45,001-50,000 


50,001-55,000 
55,001-60,000 
60,001-65,000 
65,001-70,000 
70,001-75,000 
75,001-80,000 
80,001-100,000 


Effective rate (%) . 


Employers Employees 


Self-employed 


Unemployment Insurance Compensation (UIC): Currently employers 
contribute 3.15% on maximum earnings of $35,360, while employees must 
contribute 2.5%. Table 23 provides a summary of effective UIC rates by 
income Class; these rates are calculated for the upper limit of income in the 
income range presented. . 


Table 23 
Errective UNEMPLOYMENT INSURANCE Commission (UIC) Rates BY INcoME BRACKET, 1991 


Effective rate (%) 
Employers Employees 


Income (CANS) 


0-30,500 
30,501-35,000 
35,001-40,000 
40,001-45,000 
45,001-50,000 
50,001-55,000 
55,001-60,000 
60,001-65,000 
65,001-70,000 
70,001-75,000 
75,001-80,000 
80,001-100,000 


Provincial Payroll Taxes and Health-Care Premiums: Payroll taxes are 

levied on employers’ payrolls by four provinces — Newfoundland, Quebec, 
Ontario and Manitoba — while Alberta and British Columbia levy health- 
care premiums. Table 24 presents the current rates and premiums for pay- 
roll taxes and health-care premiums. Table 25 shows effective tax rates for 
health care in Alberta and British Columbia for single individuals and families. 


Table 24 
PRovINCIAL PayroLt TAXES, 1991 


Health-care premiums (yearly) 
(CANS) 


na ' 


Newfoundland ' 1.5 
Prince Edward Island na 
Nova Scotia na 


New Brunswick na 
Quebec 3.45 
Ontario 0.98/1.95 
Manitoba 0/2.5/3.5 
Saskatchewan na 
Alberta na 
British Columbia na 


Table 25 
ErrecTIVe RATES FOR HEALTH-CARE PREMIUMS BY INCOME BRACKET, 1991 


Single Family Single Family 
Income (CANS) (%) (%) (%) (%) 


0-30,500 
30,501-35,000 
35,001—40,000 
40,001-45,000 
45,001-50,000 
50,001-55,000 
55,001-60,000 
60,001-65,000 
65,001—70,000 
70,001—75,000 
75,001-80,000 
80,001—100,000 


Two different marginal effective tax rates were computed on labour; one 
rate was defined by income class, while the other was aggregated for each 
mode using employment statistics available from Statistics Canada publica- 
tions. The rate defined by income class and presented in the main body of 
the paper was simply an average of all the above federal and provincial rates. 


B.3 FUEL TAXES 


In this section, the data used to determine the marginal effective tax rate on 
fuel for each mode are presented. Before proceeding with summaries of 
provincial and federal fuel taxes, it should be noted that conversations with 
industry officials indicate that commercial/industrial fuel prices are repre- 
sentative of industry average prices.76 Fuel that is purchased as a final prod- 
uct is classified as retail, while fuel that is purchased from the refinery as 
raw material is classified as commercial/industrial. The analysis was carried 
out for both categories of fuel under the assumption that any one carrier may 
be qualified to purchase fuel under one category or another but not both. 


In Canada, provinces levy taxes on fuels of different types and different ven- 
dor categories. Quebec, Ontario, Manitoba, Saskatchewan and Alberta levy 

per-unit excise taxes on fuels, while the remaining provinces levy ad valorem 
taxes based on prices observed by provincial ministers. 


In addition to provincial fuel taxes, the federal government levies a four cents 
per litre excise tax on all fuels. This was converted into an effective ad valorem 
rate using Canadian average fuel prices.2” Combined federal and provincial 
ad valorem tax rates on fuels are summarized in Table 26. 


For each mode of transportation, the effective provincial tax rate was calcu- 
lated as a weighted average of the tax rates, where the weights are equal to 
the proportion of fuel consumption in a province to total fuel consumption.28 


Finally, to arrive at an overall effective rate on fuel by mode, Statistics 
Canada information on proportions of fuel types used within a mode was 
employed. This was then combined with the figures contained in Table 26 
to arrive at the marginal effective tax rates on fuel, shown in Table 4. 


Table 26 


AveRAGE SALES PRICES (NET-OF=TAX) FOR FUELS, Unit TAXES AND EQUIVALENT AD VALOREM TAX RATES 
(COMBINED PROVINCIAL AND FEDERAL TAXES) 


Federal 
excise tax 
Provincial tax 
Total tax (¢/L) 

Tax rate (%) 


Locomotive 
diesel 
Federal 
excise tax 
Provincial tax 
Total tax (¢/L) 
Tax rate (%) 


Aviation 
turbine 
Federal 
excise tax 
Provincial tax 
Total tax (¢/L) 
Tax rate (%) 


Aviation 
gasoline 
Federal 
excise tax 
Provincial tax 
Total tax (¢/L) 
Tax rate (%) 


Notes: 


All price data are net-of-tax and were obtained from Energy, Mines and Resources 
Canada (EMR); data are available on a regional rather than on a provincial basis. Tax 


data are for April 1, 1991 (locomotive diesel tax data are for May 1991 and were 


obtained from provincial governments) and are taken from the following EMR publi- 
cation: Federal and Provincial Petroleum Product Taxes, Vol. 3, June 1991. Note that 


the provincial tax for Quebec includes 8% PST; this tax is not levied on locomotive 
fuel. Prices of road and locomotive diesel are identical and are those charged to 

commercial and industrial customers. Information obtained from various railway 
and bus companies in Canada indicates that these prices are representative. Bus 


industry officials suggest that theirs is a diesel based industry; therefore, we assume 


that diesel is the only fuel used by the bus industry. So far as aviation gasoline is 
concerned, EMR suggests that the large majority is leaded; therefore, a federal 
excise tax of 9.5 cents is used (rather than 8.5 cents for unleaded). 
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ApPeNDIX C: Unitep States Statutory TAX RATES AND AGGREGATION DATA 


This section contains a summary of U.S. tax instruments that affect labour, 
capital and fuel in the transportation industry. Corporate income taxation 
and capital cost provisions of the U.S. tax system are discussed first. The 
methodology used to compute t;,, i = k,|,f, for the U.S. tax system is identical 
to the one used for the Canadian computations; also, the data and parameters 
used for aggregation purposes are those employed in the Canadian study. 


C.1 CAPITAL TAXES 


C.1.1 U.S. Corporate Taxes 


In the United States, corporate tax rates are graduated at very low levels of 
income, with a maximum rate of 34% applied to income in excess of $75,000. 
To prevent large corporations from benefiting from the graduated tax rates 
at low income levels, taxable income between $100,000 and $335,000 is 
taxed at 39%, rather than the basic 34% rate. This serves to phase out the 
benefits of the graduated rate structure for corporations earning more than 
$100,000, completely eliminating it for firms earning more than $335,000 by 
subjecting these corporations to a flat 34% tax rate at the federal level. 


Forty-five U.S. states levy a corporate income tax; of these, eight use a tax 
base which differs slightly from the federal base — Alabama, Arkansas, 
Louisiana, Minnesota, Mississippi, Montana, Utah and Wisconsin. Most of 
the states have mildly progressive rate structures at very low levels of income. 


State income taxes are deductible from the federal base. This lowers the 
effective statutory tax rates of the states by a factor of one minus the federal 
tax rate. The average state tax rate, based on the highest tax brackets in 
each state, is about 6.6%. Thus, allowing for the deductibility of state from 
federal taxes, the average corporate tax rate in the United States is approxi- 
mately 40.49% This is the rate used in the above calculations. However, 
significant differences exist across states. 


For example, for the five U.S. states which levy no corporate income tax 
(Nevada, South Dakota, Texas, Washington and Wyoming), the total tax rate 
is the basic federal rate of 34%. The U.S. state with the highest tax rate is 
Pennsylvania, at 12%, implying a 41.92% combined tax rate. Table 27 
provides a list of U.S. state tax rates for 1992. 


Ma 


Table 27 “pre 
U.S. Starutory CORPORATE Income TAX RATES 


Maine 
New Hampshire 
Vermont — 
Massachusetts 
Rhode Island 
Connecticut 
New York 

New Jersey 
Pennsylvania 
Ohio 

Indiana 

Illinois 
Michigan 
Wisconsin 
Minnesota 
lowa 

Missouri 
North Dakota 
South Dakota 
Nebraska 
Kansas 
Delaware 
Maryland 
Virginia 

West Virgina 
North Carolina 
South Carolina 
Georgia 
Florida 
Kentucky 
Tennessee 
Alabama 
Mississippi 
Arkansas 
Louisiana 
Oklahoma 
Texas 
Montana 
Idaho 
Wyoming 
Colorado 

New Mexico 
Arizona 

Utah 

Nevada 
Washington 
Oregon 
California 
Alaska 
Hawaii 
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C.1.2 Capital Recovery 


Depreciable assets include most tangible assets except land. Like Canada, 
the United States calculates depreciation allowances on the basis of the 
original cost of the asset rather than its replacement cost. The depreciation 
base is not indexed for the rate of inflation. 


In the United States each asset is assigned an asset depreciation range 
(ADR) midpoint life which is stipulated by statute. The ADR lives are based 
on the estimated “useful life” of the asset. The ADR midpoints are grouped 
into various modified accelerated cost recovery system (MACRS) classes, 
each defining the period over which the capital expenditure is to be recovered: 
3,5, 7, 10, 15 or 20 years for machinery and equipment, and 31.5 years for 
non-residential structures. The MACRS recovery periods tend to be acceler- 
ated relative to the ADR midpoint lives. For example, seven-year property 
includes assets with ADR midpoint lives of 10 years but not less than 16. 
Property of 3, 5, 7 and 10 years is written off according to a 200% declining 
balance rule (two times the straight-line rate for the recovery period), with a 
switch to straight-line depreciation over the remaining recovery period when 
it is beneficial to do so. Property of 15 and 20 years is depreciated according 
to a 150% declining-balance rule (1.5 times the straight-line rate for the 
recovery period), with a switch to straight line. Non-residential buildings 
are written off on a straight-line basis over 31.5 years. 


A put-in-use rule applies in the United States. This means that an asset may 
not be depreciated until the year in which it is placed in service, regardless 
of when it was purchased. A half-year convention applies in both the first 
and the last recovery years (or the year of disposition). The depreciation 
deduction in the first year of service is therefore one half of the amount that 
would normally be claimed for a full year of depreciation. In the final year 
of service life the firm can claim the other half year of depreciation. The 
effect is to add another year to the recovery period (that is, seven-year 
property is actually recovered over eight years). 


By way of illustration, the depreciation allowances for seven-year property 


are given in Table 28 for a $100 expenditure while the relevant MACRS 
categories for the passenger transportation sector are shown in Table 29. 
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Table 28 
MACRS ALLOWANCE FOR SEVEN-YEAR PROPERTY 


ON oorWDN— 


Table 29 
MACRS CarEGORIES 


Recovery period 
Category (years) . 


Buses used in the (urban and suburban) transportation of passengers 
Railroad machinery and equipment (including locomotives, passenger 
and freight train cars, shops and roadway machines, signals and 
inter-lockers, etc.) 
Air transportation assets (including aircraft fittings, radar, spare 
parts, etc.) 
All buildings and structures (including hangers, terminals, bridges, 
trestles, water and fuel stations, station and office buildings, 
runways, railway track and grading, etc.) 


The list of assets contained in Table 29 was broken down into the five cate- 
gories of capital expenditures: building construction, engineering construction, 
buses, and machinery and equipment. The present value of MACRS deductions 
using the Canadian financial parameters previously presented in Appendix 
B of the Canadian report were calculated. Summaries of the present values 
of MACRS deductions are presented for rail, bus and air in Table 30. 


Table 30 
Present TAX Vaue oF MACRS Depuctions By Move 


Building construction 
Engineering construction 
Buses 


Machinery and equipment 


The U.S. tax code allows for nominal debt interest expenses to be deducted 
in full (as in Canada). The taxpayer may elect to capitalize interest by including 
it in the cost base of the asset and recovering the interest expenses through 
depreciation deductions. This may be desirable if it gives rise to an operating 
loss that could expire. There is no deduction for the opportunity cost of 
equity finance (either retained earnings or new share issues), nor are adjust- 
ments made for inflation to restrict deductibility to the real, as opposed to 
the nominal cost of debt. 


C.1.3 The Alternative Minimum Tax 


The U.S. tax code contains provisions to ensure that “profitable” corporations 
pay at least a minimum amount of tax. The alternative minimum tax (AMT), 
introduced in the 1986 tax reform, is in fact a parallel tax which must be 
computed in addition to the regular corporate income tax (CIT): the actual 
payable tax is the greater of the two. The lack of data precludes the inclusion 
of the AMT in these calculations. 


The t, calculations for the U.S. tax system were calculated using Canadian 
historical depreciation rates shown in Appendix B and presented again in 
Tables 31 and 32. 


Table 31 
Economic DEPRECIATION RATES (DECLINING BALANCE) BY Mone AND Asset CATEGORY 


Building construction 


Engineering construction 

Buses 

Machinery and equipment 

Capital items charged to operating 
expenses 


Table 32 
SUMMARY OF WEIGHTS IN CAPITAL EXPENDITURES 


Building construction 
Engineering construction 


Buses 
Machinery and equipment 
Capital items charged to operating 


C.2 U.S. PAYROLL TAXES 


Payroll taxes in the United States are higher than payroll taxes in Canada. 
The U.S. federal government is entitled to levy social security taxes on 
employers and employees under the auspices of the Federal Insurance 
Contribution Act (FICA), while federal unemployment insurance taxes on 
employers are levied through the Federal Unemployment Income Tax Act. 
Individual states also levy unemployment taxes on employers. 


Federal Insurance Contribution Act: All employers are required to withhold 
social security taxes and hospital insurance contributions from employees’ 
wages; they must also match the employee contributions using their own 
funds. Social security levies are 7.51% on the first US$48,000 of gross wages. 
This limit was converted into an equivalent Canadian levy by assuming a 
15% exchange rate on the U.S. dollar. U.S. social security rates and maxi- 
mum contributions expressed in Canadian dollars are shown in Table 33, 
while Table 34 depicts the effective rate by Canadian income class in 
Canadian dollars. 


Table 33 
U.S. Sociat SecuriTy Rares AND Maximum ContRIBUTIONS 


Maximum pensionable earnings (CAN$) 
Basic exemption 


Contribution rate (%) 
Employers 
Employees 


Maximum contribution (CAN$) 
Employers 
Employees 


4,145.52 
4,145.52 


Table 34 


EFFECTIVE SOCIAL SECURITY RATES BY INCOME CLASS 


0-30,500 
30,501-35,000 
35,001-40,000 
40,001-45,000 
45,001-50,000 
50,001-55,000 
55,001-60,000 
60,001-65,000 
65,001-70,000 
| 70,001-75,000 
75,001-80,000 


80,001-—100,000 


Salary Contribution Employers Employees 
income (CANS) (CANS) (CANS) (%) (%) 


30,500 
35,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 
100,000 


2,290.55 
2,628.50 
3,004.00 
3,379.50 
3,755.00 
4,130.50 
4,145.52 
4,145.52 
4,145.52 
4,145.52 
4,145.52 
4,145.52. 


Federal Unemployment Tax Act: The U.S. federal government levies a 

6.2% tax, on employers only, on the first $7,000 paid in wages per employee. 
Employing a 15% exchange rate, a Canadian dollar maximum contribution 
of $499.10 was computed on the first CAN$8,050. Effective U.S. unemploy- 
ment tax rates by Canadian income bracket are expressed in Table 35. 


Table 35 
ErrecTIVE UNEMPLOYMENT INSURANCE RATES BY INCOME CLASS 


Income (CANS) 


0-30,500 
30,501-35,000 
35,001-40,000 
40,001-—45,000 
45,001-50,000 
50,001-55,000 
55,001-60,000 


60,001-65,000 
65,001—70,000 
70,001—75,000 
75,001-80,000 
80,001—100,000 


Salary Contribution Employers 
(CANS) (CANS) (%) 


30,500 
35,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 
80,000 


100,000 


State Payroll Taxes: Employers are required to contribute to state-funded 
unemployment insurance programs. The taxable wage base varies from state 
to state as do the individual tax rates. An average state rate of 2.7 percent 
was assumed on a maximum of US$7,000. 


Table 36 shows combined U.S. effective social security tax rates and 
unemployment tax rates at the federal and state level. These combined 
rates were then weighted using Canadian employment statistics to arrive 
at a U.S. weighted marginal effective tax rate on labour. 


Table 36 | 
Compinep EFFECTIVE SOCIAL SECURITY RATES AND FEDERAL AND Stare UIC Rares By Income Cass (CANS) 


’ . . ri) 
Stlaty Employers’ contributions (%) 


0-30,500 30,500 
30,501—35,000 35,000 
35,001-—40,000 40,000 
40,001-—45,000 45,000 
45,001-50,000 50,000 
50,001-55,000 | 55,000 
55,001-60,000 60,000 
60,001-65,000 65,000 
65,001—70,000 70,000 
70,001-—75,000 75,000 
75,001-80,000 80,000 
80,001—100,000 100,000 


C.3 U.S. FUEL TAXES 


The U.S. federal government levies an excise tax of 6.2 cents per litre on 
highway diesel and 0.8 cents per litre on locomotive diesel. There is no 
federal tax on aviation fuel in the United States. The weighted average of 
state fuel tax rates were calculated for Washington, Montana, North Dakota, 
Minnesota, Michigan, New York and Maine using Canadian fuel statistics. 
These weighted averages were then converted from U.S. dollar tax rates to 
Canadian dollar tax rates by applying an exchange ratio of 1.15 Canadian 
dollars for one American dollar. Then, using Canadian realization fuel prices 
for each type of fuel, the marginal effective tax rate on fuel for each mode 
was obtained. Table 37 depicts the combined federal and state excise taxes 
and equivalent ad valorem rates for the United States. 
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Table 37 
ComBineD U.S. FEDERAL AND STATE FueL TAX Rates 


Maine 


51 
New York 
Michigan 
Minnesota 
North Dakota 
Montana 
Washington 


ENDNOTES 


We appreciate the assistance of Ashish Lall who obtained new data on fuel taxes and corrected 
earlier errors in empirical work. The remaining errors are of our own responsibility. The last 
author wishes to thank the Social Sciences and Humanities Research Council of Canada for 

its financial support. ° 


1. In particular, data acquisition difficulties have precluded the inclusion of property taxes in 
the analysis. Excluding property taxes may, however, be justified on other grounds; see 
the discussion below. 


2. The assumption of perfect competition is made for expositional purposes only, as the 
analysis also applies to an industry with a non-competitive industrial structure. 


3. Note that in the calculations of t,, relative price changes of capital assets are assumed to 
be zero (see Appendix A). This assumption does not qualitatively change the results. 


4. See Appendix B for a summary of CCA rates. 
5. See Appendix B for a summary of weights in capital expenditure. 


6. Conversations with officials of various bus companies in Canada indicate that some large 
firms may be purchasing fuel at prices that are lower than those used here because some 
bus companies are members of buying cartels. Due to their confidential nature, these data 
were not released to us. Richard Lake of the Royal Commission on National Passenger 
Transportation suggested the use of a Canadian average (net-of-tax) price for bus diesel of 
20 cents per litre, a federal excise tax of 4 cents per litre and provincial taxes of 11 cents 
per litre. This implies a tax rate for bus fuel of 75%. If these rates were used in the calcula- 
tions in Table 5, the effective tax rate on marginal cost for the bus industry would rise only 
marginally from 21.0% to 21.7%. 


7. The study abstracts from the international aspects of passenger transport and uses effective 
fuel tax rates in the commercial and industrial category for all modes. 


8. Note that the bus industry has the lowest labour taxes and the highest share of labour in 
total cost. , 
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10. 
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12. 
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14. 


15. 


16. 
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The seven-year carry forward of operating losses applies to reported losses. Companies 
are allowed to carry forward capital losses and discretionary deductions indefinitely. 


The federal government has announced a loss offset program whereby companies can 
reduce fuel excise taxes on diesel and aviation fuel by renouncing $10 of corporate income 
tax losses for a one dollar reduction in the federal excise tax. At a 40% corporate income 
tax rate, companies with a 15% discount rate would find that it would be profitable to give 
up corporate tax-loss deductions for an immediate reduction in the fuel tax, if the company 
does not expect to pay taxes for at least nine years or if the losses were about to expire. 


Calculations indicate that the Canadian equivalent to the modified accelerated cost recovery 
system (MACRS) for seven-year property would be a CCA rate of 26%, while five-year 
property would require a CCA rate of 33%. 


The effective U.S. tax rates on fuel were determined by calculating state and federal fuel 
taxes levied in the states that lie along the Canadian border. These taxes were weighted by 
applying provincial fuel consumption statistics to each state according to its geographical 
proximity to each province. This served as a proxy for state weights on fuel taxes. 


In Canada the half-year convention applies to most classes of capital assets. In this case 
the present value of CCA deductions becomes: 


There are limitations of this assumption to the analysis; however, it is far beyond the 
scope of this project to allow for elasticities of labour supply which differ from infinity. 


See s. 124 and s. 124(3) of the Income Tax Act. 


Regulation 400(2) of the Income Tax Act states that “a permanent establishment means a 

fixed place of business of the corporation, including an office, a workshop or a warehouse, 
and where the corporation does not have any fixed place of business it means the principal 
place in which the corporation’s business is conducted.” 


Ontario, Alberta and Quebec are the only provinces that have not entered into this agree- 

ment with the federal government; however, the tax bases used in each of these provinces 
are similar enough to the federal base that any substantive differences can be assumed to 
be negligible. 


it is worth noting that Ontario, Quebec and Alberta use the same allocation rules as the 
rest of the provinces even though they have not entered into an agreement with the 
federal government. 

For tax purposes an equated track mile is the total of the number of miles of first main 
track, 80% of the number of miles of other main track and 50% of the number of miles 
of yard tracks and sidings. 

Regulation 406 of the Income Tax Act. 

Regulation 409 of the Income Tax Act. 


Regulation 407 of the Income Tax Act. 


Me 


23. This is the half-year convention referred to above. 


24. The source for the capital stock weights was Statistics Canada, Catalogue No. 13-211. The 
mid-year net stock figures in constant dollars were used. 


25. Useful service lives were obtained from Statistics Canada, Catalogue No. 13-211. 


26. There are other fuel categories, but these are not generally applicable to transportation 
industries. 


27. Canadian average fuel prices were obtained from Energy, Mines and Resources Canada 
and are current to April 1, 1991. 


28. These weights were arrived at by computing end uses of fuel by mode and province 
according to Statistics Canada, Catalogue No. 57-003. 
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NOTES ON INTERCITY PASSENGER TRANSPORTATION 
TECHNOLOGY 


Richard Lake* 
November 1990 


INTRODUCTION 


—— 


The following notes on passenger transportation technology relevant to 
Canadian intercity travel, and prospects for its intermediate future,' identify 
but do not explain the technologies or scientific principles involved. Rather, 
the perspective of the political scientist, economist, policy analyst, etc., 

is taken. 


Two reasonably discrete sections follow. The first addresses amodal general 
technology issues pertinent to the Royal Commission’s mandate. The 
second section discusses technology forecasting and provides a forecast 
of prospective technology relevant to Canadian intercity passenger trans- 
portation modes over the intermediate term (approximately 25 years). 


|, FUNDAMENTAL PRINCIPLES 


The principles selected here include material that the reader doubtless 
already knows. They are stated here, however, to emphasize their importance 
and to contribute understanding and background relevant to often-advanced, 
technological solutions to Canada’s transportation issues. 


* The Research and Traffic Group. 
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SPEED 


a a ee 


Speed is usually the most important determinant of the competitive success 
of a passenger transportation technology. Obviously, speed (lower origin/ 
destination time2) increases the attractiveness of a travel option to con- 
sumers, and they will pay more for speed. Less obvious but at least as 
important, particularly within a given mode, faster is generally cheaper. 
Although higher speeds increase fuel costs, they usually also increase sys- 
tem capacity. Most importantly, both labour and equipment productivity 
(generally a much more important cost item than fuel) improves almost 
linearly with speed. 


ENERGY CONSUMPTION 


At intercity passenger transportation speeds, power requirements and fuel 
consumption are dominated by aerodynamic resistance. This resistance 
increases (for subsonic speeds) as the square of the speed but decreases 
with air density, and approaches zero at very high altitude. This is a power- 
ful equation; all else equal, higher is much better. Thus, surface systems 
reach a practical limit while airborne technology can achieve ever increasing 
speeds by travelling at greater altitudes. High-speed (relatively) rail (and/or 
maglev which has the potential to be superior aerodynamically) may have 
a niche in the intermediate distance travel market — to 500 kilometres or 
conceivably even 1,000 kilometres — but it would seem that air will 
dominate longer distances, indefinitely. 


ALTERNATIVE FUELS 

With only insignificant exception, Canadian intercity passenger transporta- 
tion is powered by hydrocarbon fuels. Alternatives are commonly advanced 
on the premise that fossil fuels will be saved and carbon dioxide emissions 
avoided. Insofar as portable transportation fuels are necessary for most 
modes, petroleum (a convenient and light source of concentrated chemical 
energy) is uniquely suited to the purpose. 


Every conversion of energy form (chemical, electrical, nuclear, compres- 
sion, momentum, heat, etc.) is accompanied by substantial efficiency losses. 
Most often, losses exceed 50 percent. In general, heat (the “lowest” form of 
energy) is emitted and wasted. Energy-use patterns that require the fewest 
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and simplest conversions are generally the most efficient use of society's 
diverse energy resources, both financially and in terms of energy conserva- 
tion and minimizing emissions to the environment. 


Solar Power 


While solar power can be used for space and water heating with minimal 
loss, its conversion into transportation fuel (which would involve a chain of 
conversions) would be very costly, and only a small fraction of the original 
energy would remain. Electricity, on the other hand, is ideal for the opera- 
tion of motors, and the middle distillates of petroleum (diesel/furnace oil) 
are relatively efficient portable fuels. Presuming alternative demand, the 
use of these energy forms for space or water heating, while lower forms 

of energy such as solar were available, would be wasteful. 


Electricity 


Battery-operated vehicles can serve to reduce urban emissions, and electri- 
fied rail has distinct advantages. At the margin and during peaks, however, 
in most of Canada, electricity is produced by burning coal, oil or natural 
gas. For rail, the provision of electricity from central generating stations is 
somewhat more energy- and emissions-efficient than separate diesel elec- 
tric generators on each locomotive unit. Peak intercity (and urban/suburban) 
passenger travel demand, however, tends to coincide with periods of high 
household electricity consumption, and electrification would exacerbate the 
electric utilities’ peak loading problems. This is not the case for battery 
power; batteries can be charged off-peak, but they are relatively inefficient, 
costly and have low capacity. 


Hydrogen 


Hydrogen is a benign fuel; the sole product of its combustion is water 
vapour. This would be attractive in an urban setting. Hydrogen would also 
have particular advantages in supersonic flight; the vaporization of liquid 
hydrogen would provide needed cooling. 


Hydrogen, however, does not occur naturally. It is commonly produced 
from hydrocarbons, particularly methane, but the net effect is less efficient 
with greater carbon-dioxide emission than would be the case were the 
methane used directly as transportation fuel. Another economically attrac- 
tive means of hydrogen production, the partial oxidation of coal, poses still 
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more serious environmental problems. For urban areas, however, where air 
quality threatens the health of the population, the advantage of hydrogen 
as a clean fuel remains. The pollution is transferred to a remote site. 
Although hydrogen can be produced from the electrolysis of water, this is 
futile for electricity produced from carbon or hydrocarbon fuel. However, 
the use of surplus electricity (where the energy would otherwise be wasted) 
generated from nuclear or hydro facilities could achieve the desired end. 
Unfortunately, with present technology and the Canadian mix of electricity 
generation and markets, operating an electrolysis plant on surplus power 
alone would not be economic. Exacerbating this situation, hydrogen mole- 
cules are very small and light. Containment is a problem, and vessels for 
either liquid or absorbed hydrogen are heavy and very bulky. 


Commercial production of portable hydrogen fuel by electrolysis would 
require enormous quantities of energy. It would take some 46 kilowatt 
hours to produce one kilogram of hydrogen gas and a further 11 kilowatt 
hours to liquefy it. To be competitive with hydrogen produced from methane 
or coal, electricity would have to be purchased for less than two cents 

per kilowatt hour. Ultimately, the widespread use of hydrogen as a trans- 
portation fuel may come, but only with power from nuclear fusion, or 
another dramatic (presumably nuclear) breakthrough in the production of 
cheap electricity. When this occurs, hydrogen should rapidly become an 
important transportation fuel. 


Alternative Hydrocarbon Fuels 


A great deal of progress has been made in the use of a broader range of 
hydrocarbons as transportation fuel, including coal derivatives, methane 
and propane. This is important for the continued availability of affordable 
transportation fuel; for example, hydrocarbon fuels with engine-cooling 
properties, liquefied gases and/or chemicals could prove useful to future 
supersonic flight. 


GREENHOUSE EFFECT 


It is possible to prevent or substantially reduce emissions of the most 
harmful polluting substances from internal combustion engines. However, 
chemical removal of carbon dioxide (responsible for 50 percent of the 
greenhouse effect) from emissions is scarcely conceivable and not currently 
contemplated. Unfortunately, the concentration of this natural and necessary 


MD 


component of the earth’s atmosphere is increasing. There are fears, supported 
by logic and some empirical climatological research, that this increased 
carbon dioxide? will have (and is having) a deleterious effect on the world’s 
climate. Primary concerns are further desertification and a reduced ability to 
produce food. Since the problem is worldwide, it seems logical to seek an 
international solution. Beyond the reduction of carbon dioxide emissions to 
levels that the biosphere can tolerate, however, no solution is apparent. 


There is presently absolutely no incentive even to study the chemical fixa- 
tion of carbon dioxide. It is doubtful that there could be for some decades. 
Large emission sources (electricity generating plants are the most obvious) 
that might lend themselves to chemical fixation approaches are few, anda 
technology that would not, itself, require enormous energy input is not 
apparent. (It is presumed that such technology would involve fixation as 
calcium carbonate — limestone.) 


Perhaps as a pessimistic but necessary perspective, it seems that there is 
only limited commitment to the very much easier task of removing chemi- 
cals that cause acid rain (which has conspicuous regional and local, rather 
than only global, impact). It is also noted that the favoured solution to 

the effects of acid rain is natural or induced neutralization with calcium 
carbonate (with a consequent emission of carbon dioxide). 


A fashionable response to the carbon dioxide problem is the planting of 
trees. Most frequently mentioned are the rain forests of the Amazon. Certainly, 
this restoration of (red soil) forests would be environmentally desirable but 
would do no more than re-fix the carbon emitted when they were cleared. 
This is important but it is not a long-term solution to emissions from fossil 
fuels. Mature red-soil forests, as these are, do not continue to fix carbon 
indefinitely; the carbon dioxide is naturally re-emitted to the atmosphere as 
the vegetation decays. Strange to note, Canadian (black soil) muskeg and 
swamp retain substantial quantities of carbon over the long term, but not in 
quantities that would solve the problem of fossil fuel emissions. 


An analysis of tree-planting as a solution, in the Canadian context, puts this 
approach into perspective. Canada emits some 500 million tonnes of carbon 
dioxide annually. The global figure is 25 billion tonnes. A hectare of actively 
growing pine, under Southern Ontario conditions, would only fix a modest 
one to one-and-a-half tonnes of carbon (say five tonnes of carbon dioxide) 
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annually. Even Canada does not have 100 million hectares of suitable 
land — for 150 billion trees; the total conversion of Prairie farmland to 
trees might contribute 25 million hectares. 


Fixation as limestone is the most obvious technical answer for the removal 
of greenhouse gases; the question is, how can the natural process of the 
creation of limestone be accelerated or supplemented without exorbitant 
consumption of energy? The economic prospects of such a process, on 
either a national or a global scale, seem dismal. For a solution, it seems that 
society must look at the other side of the equation: How can carbon dioxide 
emissions be reduced? 


Given the present state of scientific knowledge and the Canadian climate, 
the only feasible approach to achieve a dramatic reduction would seem to 
be large-scale substitution, for current fuels, of electricity and, produced 
from it, hydrogen. Further, this would only be acceptable were the power 
produced from hydroelectric and nuclear energy sources, and it would be 
very expensive — too expensive for the Canadian economy (in isolation) 
to withstand. Finally, non-urban passenger transportation accounts for 
approximately 7 percent of Canada’s carbon dioxide emissions, and 
approximately 0.15 percent of global emissions. 


ll. TECHNOLOGICAL PROSPECTS 


nS 


FORECASTING TRANSPORTATION TECHNOLOGY 


Technological forecasting — the forecasting of what science will allow in 
the future — is difficult. The forecasting of whether a technology will prove 
economically viable in a future market is more difficult. And the forecasting 
of actual transportation implementation, where governments play so large 
a role in the market, is still more difficult, especially since transportation 
applications usually substantially lag behind scientific knowledge that 
enables them. The shorter-term horizon examined here is less difficult 
than looking farther ahead. 


Except under highly unusual circumstances, technological possibility, in the 


sense of scientific theory and results that can be achieved in a laboratory, 
precedes any possible practical transportation application by at least a 
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decade. Further, especially in aviation, most research and development that 
result in practical transportation applications for civilians will first emerge 
as technology developed for military or space exploration. The military/ 
space path of technology that is ultimately implemented in civilian 
passenger transport gives insight into which applications are likely to lead 
technologically. It is logical to conclude that, with a military/space bias: 


¢ Speed and performance will be favoured relative to efficiency, comfort, 
energy economy, etc.; 


* Technology development will focus on more flexible and less vulnerable 
modes, free of fixed infrastructure (helicopters will receive the greatest 
relative attention, railways the least); and 


¢ The air mode, particularly high-performance aircraft and those that 
require little or no runway, will receive most research. 


With technological development, market and regulatory circumstances, 
particularly market imperfections, are at least as influential as scientific 
discovery and its potential economic benefits. The possible is not always 
realized; opportunities may be missed for reasons unrelated to applicable 
technology and the benefits achievable from it. For public (common carrier) 
transportation in particular, carrier and modal evolution falls short of the 
economically justifiable implementation of state-of-the-art technology, 
sometimes far short. . 

The cost and service characteristics of a transportation mode depend on the 
technology employed, restricted by whatever institutional constraints may 
apply. In an open competitive industry, one does not expect an appreciable 
lag between availability of a cost-effective technological advance and its" 
implementation. Such lags may be attributable to the substantial cost of 
entry into the industry and a high degree of monopoly and regulation. In 
transportation, the high entry cost may be accompanied by a high level of 
operating complexity, with a consequence that long job-specific experience 
and the ability to keep the physical systems running are the essential man- 
agerial qualities. This, and the need for intercarrier compatibility, leads to 
retardation of innovation, both with respect to operations and to commercial 
practices. The railway industry, practically worldwide, is a classic example. 
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Also, in a society where less than total free enterprise prevails, regulatory 
restriction or the presence of government in the market has a restraining 
effect. The implementation of technological, financial and/or commercial 
innovation is further complicated by state ownership of some transporta- 
tion infrastructure and/or systems. Investment in government enterprises 
usually hinges on fiscal and sociopolitical factors as well as cost effective- 
ness. The views of employees, with respect to job security, tend to carry 
substantial weight, as do those of users of the system with respect to 
service convenience and price. Return on investment achievable from 
technological change is less dominant. 


The cost and performance characteristics of emerging technology may 
have less influence on its development for transportation purposes than 
institutional influences relevant to its implementation. Also important is 

the corporate and/or government will to devote the resources necessary for 
research and development from scientific discovery to an operational reality. 
Such a process is more predictable in the case of an open, competitive 
equipment market (for example, automobiles or aircraft) than it is for 
common infrastructure (for example, air traffic control systems) or high 
entry-cost integrated systems (for example, maglev). 


The process of technological innovation — the development of operational 
technology from scientific knowledge — is as much political as technical. In 
the short term, all elements of society do not benefit equally from new pro- 
cesses, especially capital-intensive, labour-saving ones. A particular institu- 
tional structure would encourage and support certain innovations, while 
obstructing others. 


AVIATION 

The principal thrust of the development of fixed wing transport through 

the 1990s is expected to be achievement of comparable performance at 
reduced operating cost. Lighter weight composite materials, involving 
lighter and more rigid alloys, synthetics and metal/synthetic sandwich 
construction could see progressively increased use. New wing designs, 
including controlled surface permeability and thicker sections, could 
achieve aerodynamic efficiencies such that equivalent or greater lift would 
be provided by smaller, lighter structures. Turbojet engines could be lighter 
and quieter, and some 20 percent more fuel efficient. Still greater fuel 
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economy, however, could be achieved through propulsor blade-powered 
(fan) engines. These would be capable of mach .7 or .8 at fuel economies 
of 35 to 40 percent over present jet engines. 


High-capacity freight transports, developed for military applications, could 
see increasing civilian application. Through to the turn of the century, how- 
ever, only a marginal increase in the passenger capacity of the largest 
aircraft is foreseen, with B-747 derivatives accommodating up to 600 pas- 
sengers. More importantly, it is anticipated that, by the turn of the century, 
carriers will be able to choose from a broader, virtually continuous spectrum 
of capacity, range and speed. Turboprop aircraft, most suited to shorter- 
range applications, could be available in higher capacities — to 100 seats — 
and capable of operating at speeds to mach .6 with propulsor fans adapted 
to aircraft as small as the de Havilland Dash 8. 


Helicopters are inherently extravagant and relatively slow. Their use for 
more than short distances is expected to be limited to unusual circumstances. 
Civilian versions of military powered lift (probably tiltrotor) developments 
should become available in the early 21st century. It is interesting to note 
that cancellation of the U.S. military tiltrotor development program is being 
opposed on the grounds of future civilian applications. These aircraft, capa- 
ble of 500 kilometres per hour, will combine helicopter manoeuvrability 
with the speeds of fixed wing aircraft. They will be designed for the city 
centre market that STOL (Short Take-Off and Landing) failed to develop, 

but the economics of such an operation are still uncertain. 


The demise of the U.S. Supersonic Transport (SST) program and the 
limited success of the Concorde notwithstanding, a second-generation, 
supersonic passenger transport is anticipated. In operation by the middle 
of the first quarter of the 21st century, this aircraft would fly at three times 
the speed of sound and cruise at an extremely high altitude, perhaps 
75,000 feet. With a 12,000-mile range, it would be designed exclusively 

for long-distance intercontinental travel, particularly trans-Pacific routes. 
Although hypothetical at this stage, economics would demand a substan- 
tially greater capacity than Concorde — at least 350 seats. Suborbital trans- 
ports, capable of mach 5 and greater, seem dominated economically by 
the mach 3 or 3.5 SST. Offshoots of the space program, their development 
would depend on total government financing. 
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The most important technological advances in the aircraft of the early 

21st century could be invisible to the casual observer. The controls of large 
aircraft would be electrical/mechanical and computerized. Aerodynamic sur- 
faces could be instrumented and attached to a pair of control computers by 
hard-wired, probably fibre-optic, electronics. Aerodynamic pressures could 
be sensed, readings credibility checked through an on-board artificial intel- 
ligence system, and adjustments made automatically. Engines could be simi- 
larly monitored and controlled. The above, and navigation system advances 
discussed below, could permit operation with little or no human intervention. 


Aircraft maintenance will doubtless be increasingly mechanized. Diagnostic 
test equipment would be pervasive and sophisticated. Engines and other 
mechanical equipment could be monitored in service with microelectronic 
sensors reporting to intelligent computers for comparison with normal and 
abnormal histories of performance degradation. Maintenance cycles based 
on flight times could be largely replaced by identification of incipient failure. 
On-board computers could integrate the condition of all components, and 
the aircraft could be delivered to maintenance with a listing of necessary 
work. Inspection could be greatly reduced, with corresponding reductions 
in maintenance cost and time out of service for maintenance. 


The pivotal element in navigation systems for the 21st century is anticipated 
to be a computerized, worldwide, satellite-based, aircraft-location, identifi- 
cation system. All commercial aircraft of participating countries could be 
located in three dimensions within a few metres by means of identification 
transponders. This system could be paired with an independent radar-based 
collision avoidance system on each aircraft. Weather information would 
also be assembled from satellite instrumentation and communicated by an 
artificial intelligence (really expert systems) computer system to each 
aircraft in real time. The artificial intelligence system would communicate 
only new information relevant to the flight in question, updating the on- 
board visual display. The weather information would also flow, of course, to 
the traffic control system, where it would serve as input to the runway use 
(re)configuration, routing, and take-off and landing scheduling functions — 
also computerized. | 


Voice contact between controller and aircraft would not be necessary. 
Instructions and/or advice could be visually displayed on-board, and 
communicated directly to the two on-board navigation computers. There, 
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they could be compared automatically with the aircraft's location, direction 
and speed and double checked against the readings from the collision 
avoidance system. On-board altitude would be measured and automatically 
compared with that computed as appropriate by the navigation system. 
Necessary control adjustment sequences, achieving the stipulated para- 
meters at minimum fuel consumption, would be prepared. Before adjust- 
ments are made, the computers’ artificial intelligence memories and 

the collision avoidance system would be automatically consulted for 
unsafe conditions. 


How much pilot confirmation is needed prior to course correction would 
depend largely on public acceptance of automatic operation. 


Labour and nationalist considerations, power failure and hostile acts aside, 
one air traffic control centre would suffice for North America. Two such 
centres at dispersed locations would provide backup to protect against a 
serious emergency at either one. Such a system could remotely control traf- 
fic in and out of all controlled airports. The computer system would plan 
flight paths and, considering weather conditions, each aircraft would be 
scheduled, before take off, for landing at its destination, with changes 
only occurring because of emergencies or unexpected weather. Landing 
queues would be virtually eliminated and, most importantly, aircraft 
separations would be reduced and airway capacity dramatically increased. 
Other obvious results of this technology would be an end to the air traffic 
controller’s function as we now know it, an increase in fuel economy and 
improved safety. 


Computer reservation systems currently track the movement of each 
passenger. By the turn of the century, these systems could be able to inter- 
pret early bookings against the history of demand for the service, predict 
evolving demand, and adjust capacity offered at various fares to maximize 
revenues. Increasingly sophisticated equipment-planning software could 
permit carriers to match capacity more closely to fluctuations in demand. 
Both yields and load factors should rise. 


Technology for terminals would include containerized baggage and cargo 
handling, with automated aircraft loading enabling faster turnaround. The 
science of security screening is in its infancy, and the technology of remotely 
identifying forbidden objects and substances could be greatly advanced. 
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Artificial intelligence systems could aid in the identification of potential 
offenders. On the other hand, the ingenuity of those bent on defeating the 
system will continue to advance. 


The aeronautical industry has traditionally pursued technological advances 
well before such would be justified on purely economic grounds. The air- 
craft manufacturing industry throughout the world is heavily subsidized, 
both directly and under the guise of national defence. Particularly important 
in the United States, development costs can be written off against defence 
work. This was the case for the B-707, and would apply to tiltrotor and sub- 
orbital mach 5 transports. Regardless of Canada’s attitude to subsidizing its 
aeronautical industry, Canadian carriers will have access to aircraft technology, 
the development of which was publicly subsidized by the nation of origin. 


Technology for terminals is less advanced than that for aircraft, and 
government support of research is modest, except with respect to physical 
accessibility for people with mobility impairments, and signage and emer- 
gency warning systems for those with impaired hearing or sight. Automated 
information systems and translation systems could be developed and 
implemented at publicly owned airports. 


GUIDED GROUND PASSENGER TRAVEL 


Although the science that enables intercity, repulsive-mode maglev has — 
been known for two decades, development and demonstration of this tech- 
nology are expensive, and there are no military applications against which 
such expenses could be defrayed. There is little doubt, however, that 
repulsive-mode magnetically levitated vehicle systems (maglev), capable 
of 500 kilometres per hour, could be developed. Driverless vehicles for per- 
haps 100 passengers would offer service quality comparable to air travel. 
Such a system was designed in Canada more than ten years ago (but not 
recommended for further Canadian development). The technology to 

make such vehicles work on an experimental basis has been developed; 

a Japanese prototype works. 


Until recently the operational practicality of repulsive-mode maglev has 
remained in question because of the extremely low temperatures believed 
necessary for operation of the superconductive magnets that enable effi- 
cient levitation. However, what is presumed to be the final technological 
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breakthrough necessary for commercial development of maglev systems — 
economical, moderate temperature superconductors — is rapidly advancing. 
The necessary electronic control systems and linear synchronous motors 
already exist. Infrastructure designs also exist, but there remain safety 
concerns. Such will doubtless be resolved overseas before a Canadian 
installation is considered. | 


Another high-technology prospect, attractive-mode maglev with linear syn- 
chronous motors, avoids the superconductivity problems of the repulsive- 
mode, and is currently being tested at full scale. Commercial implementation 
in Germany before the year 2000 is planned, and a Las Vegas-Los Angeles 
system has been proposed. 


Driverless rail transit systems, employing linear induction motors and com- 
puterized control, are designed, manufactured and now operate in Canada. 
High-speed, automatic electric rail for transit or intercity application is the 
current technology available for installation. 


Electrified railway passenger systems, designed for operation to 300 kilo- 
metres per hour, are operating commercially overseas, and are being 
considered for the U.S. and Canada. It is, however, significant to note that 
these are really not innovative technology. The use of microelectronics aside, 
present and proposed high-speed rail designs contain few technological 
features that were not available half a century ago. As for the microelec- 
tronics employed, the integration of infrastructure and vehicle operation 
characteristic of the rail mode is most compatible with implementation 

of the automated control systems made feasible through microelectronics 
and computers. E 


Sophisticated microelectronics, however, are not fundamental to high-speed, 
electrified railway operation, and more sophisticated applications are 
common in modern automated manufacturing processes (not to mention 
high-technology aircraft and the state-of-the-art car). This is not to demean 
high-speed rail. Rather, it is a suggestion that it be viewed as existing and 
mature technology. Replacement of some aircraft and car use by a less 
technological but fast fixed-infrastructure system might well be the choice 
of an environmentally aware 21st century society faced with air and 
highway congestion. 
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Progressing from the relatively low-technology high-speed rail currently 
being considered for the Quebec-Windsor corridor, driverless, high-speed 
railway systems could be operational in Canada early in the next century. 
Repulsive-mode maglev could be operating within a decade thereafter but 
will probably not be implemented in Canada before 2020. 


ROAD 

Anticipated advances in shorter-run highway design are important but not 
spectacular. New pavements should be stronger, more frost resistant and 
more rigid, and chemicals may be added to the surface layer of asphalt to 
prevent the formation and adherence of black ice. Technological changes 
that could substantially affect road use are longer term. Dedicated con- 
trolled roads with automated electronic guidance, on which traffic could 
operate safely at high speeds and densities, are not far beyond the current 
state of technology. Because of diverse vehicle design, ownership and 
maintenance, however, questions of reliability remain far from resolution. 


The underlying technology for vehicle guidance systems, usable even when 
all vehicles are not equipped for such a system, is close. The technology, 
whereby vehicles with increasing degrees of automatic operation travel 
ordinary roads in mixed traffic with unequipped vehicles, is under active 
development. Such vehicles would be capable of locating other vehicles, 
objects and road geometry, and would steer and adjust speed automatically. 
Operation of a mix of equipped and unequipped vehicles at substantially 
differing speeds, however, is physically difficult and poses safety problems.‘ 


Some research is directed at automatic guidance without vehicle modifica- 
tion. It is not obvious, however, where the capital for such an investment, 
even for development of the technology, and an effective institutional mech- 
anism, would come from. Short of the point where such systems would 
allow greatly reduced distances between vehicles, much higher speeds or 
driverless operation, automated driving is unlikely to have an important 
impact on highway cost or performance. 


State-of-the-art microelectronic technology would permit economical imple- 
mentation of sophisticated user-charge systems. Vehicle-mounted “smart” 
cards, issued with the vehicle licence, could be read by roadside sensors 
communicating with central computers. User-fees could then be assessed 
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according to the road used and the time of the day, week or year.° Operating 
in conjunction with reliable automatic weigh scales, which could record at 
road speed, the system would be able to factor weight into the user-charge. 


The key to improving the cost effectiveness of intercity bus on high- 
density routes is to increase the capacity of the vehicles. Capacity and size 
also govern seat comfort. A few more inches of width would allow rail- 
competitive seating; the alternative is two + one seating with 22 to 25 per- 
cent loss of capacity. Relaxation of the width constraint is not foreseen for 
the shorter term. The alternative would seem to be longer and/or higher 
coaches. Capacities of the order of 100 seats, if they could be achieved, 
would allow substantial economies of labour, and improve modal competi- 
tiveness. They would improve the economics of shorter-distance, intercity 
travel more than any foreseen technological improvement. 


The most likely configuration would seem to be a double-decked unit, 

but a conventional double-decked bus would be unable to negotiate many 
underpasses. Articulated designs are in experimental use, and a triple design 
with a separate trailer has been suggested. A double-deck design (except 

at the rear end) with a height below five metres would be possible if the 
chassis were lowered. For 100 seats, an articulated double is indicated. 


Improved (active) suspension and (anti-lock) braking systems would provide 
the necessary high-speed stability for a larger bus to operate safely and 
comfortably. Such vehicles, with professional drivers, could safely travel 
significantly faster than mixed traffic, were a dedicated right-of-way pro- 
vided. Technology to improve the safety of faster vehicles within mixed 
traffic is conceivable. With implementation being politically questionable, 
however, economic incentive for its development is lacking. 


With state-of-the-art technology, vehicle speeds could increase without cor- 
responding increases in damage to the roadway or a deterioration in safety. 
The alternative is reduced wear and increased safety at current speeds. 
Active (microelectronically controlled) suspensions could improve passenger 
comfort, reduce dynamic loading and improve stability. Microelectronics 
will enable resistance-sensitive, skid-contro! braking systems, and monitoring 
of axle load distribution and automatic headways. Intelligent braking sys- 
tems, balancing application to each wheel on the basis of sensed resistance, 
will doubtless make buses and cars safer. 
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Instrumentation and computer control of engine and transmission would 
improve fuel economy, as could the use of ceramics and higher combustion 
temperatures within engines. Related is improved tolerance for a broader 
range of fuels, particularly (for diesels) with respect to cetane number. 


Ergonomic improvements in cars and buses are continuing. Included are 
seating improvements, reduced noise, digital instrumentation, electronic 
controls and dashboard convenience. With a single driver, and total human 
control a constant factor, ergonomics offer a greater potential for road than 
for the other modes. In buses, microcomputers monitoring mechanical and 
electrical systems would allow maintenance on an exception basis, and 
would improve reliability and on-time performance. 


The size of the car market suggests a greater incentive for investment in 
technological research than is the case for buses. On the other hand, the 
investment necessary to equip a bus with advanced technology can be 
written off against several times the mileage of the average car, and much 
greater fuel consumption. 


Innovative passenger car designs abound. They always have, and doubtless 
the future will be replete with them. Very small vehicles have been introduced 
before but have not survived. If appreciably smaller vehicles are to occupy 

a significant position in the transportation scene,® it will probably be by 
means of a progressive extension of the small end of a manufacturer's size 
range. Introduction of dramatic new designs is less likely. The exception to 
this could be vehicles with revolutionary new two-stroke internal combus- 
tion or superconductive electric motors. A three-cylinder, two-stroke engine 
could improve fuel economy by 10 percent. 


Car energy efficiency can be improved in three basic ways: reduced vehicle 
weight has a proportionate effect on energy used for acceleration and lost 
in braking; frictional resistance includes tire/road loss (approximately 
constant for a given gross vehicle weight), and aerodynamic friction which 
depends on vehicle volume and shape but, most importantly, on speed;’ 
and improved engine and mechanical efficiency. 


Vehicle weights could be reduced by a mechanical design that allows more 


efficient use of vehicle volume; front-wheel drive has allowed a 5 to 10 per- 
cent weight reduction. Similarly, reduced use of mild steel and its replacement 
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with high-strength alloys and other metals, particularly aluminum, synthetics 
and composite materials, should allow a weight reduction of 10 percent by 
2010. There could be weight reduction in smaller vehicles, but consumer 
resistance to lighter vehicles, based on occupant safety considerations, 
must be recognized. The change in momentum of the occupants of rolling 
vehicles in collision (a major determinant of injury) is the inverse of the rela- 
tive weights of the vehicles; all else equal, occupants of the lighter vehicle 
will suffer more. Of course, if both vehicles were proportionately smaller, 
there would be no differential effect. 


Although its thermal efficiency is not high, revolutionary replacement of 
the reciprocating internal combustion engine is not predicted for the next 
few decades. However, incremental improvements are expected. In general, 
an internal combustion engine has two types of losses: those relating to 
thermodynamic efficiency and heat recovery, and those related to friction, 
both mechanical and aerodynamic/fluid-dynamic (pumping). Improvements 
should include increased use of overhead cam engines, four- and five-speed 
automatic transmissions, improved lubricating oil, four- and five-valve 
engines, multipoint fuel injection and automatically varied compression 
ratio and cylinder displacement. By 2010, these innovations could improve 
thermal efficiency by 7%, reduce pumping loss by 65%, and friction losses 
by 40%. In total, the above would not match the potential of the diesel 
engine which has a 20% to 30% advantage over the gasoline engine. 


Gains from aerodynamic improvements show lower relative potential, a fact 
that affects total, achievable, energy-efficiency improvements, particularly 
at highway speeds where aerodynamic resistance is so dominant. Overall, 
the next 20 years could see a 50 percent improvement in specific fleet, 
average-fuel economy, much of it relating to the retirement of older-model 
vehicles presently in operation. From the perspective of the Royal Commission, 
intercity car energy efficiency will have much less impact. Most of the pro- 
jected technology will have greater impact on urban/suburban fuel economy. 
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Passenger ferries on both coasts have become larger and faster in recent 
years. In the face of steadily increasing demand and increasing real labour 
costs, this trend can be expected to continue. Multiple and complex hull 
and hydrofoil designs, in use elsewhere and which offer higher speed, 
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could see greater use in Canada. However, neither is the technology new, 
nor have past Canadian experiments with such vessels been particularly 
successful. 


Automation technology will be implemented to some extent. For passenger 
. services, however, potential passenger contro! and evacuation in an emer- 
gency are factors, docking is more frequent, and restaurants and other 
facilities must be staffed. Thus, the scope for labour economies is less. With 
their restricted routings, and schedule sensitivity, ferries are prime candi- 
dates for automated navigation. All control would be from the bridge, and 
crew roles could be reduced to a monitoring function, with direct control 
only taken on exception. 


Engine condition could be monitored electronically, probably using 
fibre-optic circuitry, and maintenance could be scheduled on the basis of 
incipient problems detected. Marine diesel engines of current design can 
exceed 40 percent thermal efficiency. Ceramics and consequent higher- 
temperature operation could improve this still further and, more impor- 
tantly, ceramic engines would tolerate broader fuel specifications and 
hence cheaper fuels. 


INTERMODAL 


Exotic ideas for intermodal passenger capsules emerge periodically but 
have never come to anything. Walking out of one vehicle and into another 
does not seem to be a major deterrent to the multistage journey, as long as 
the connecting vehicle can be boarded conveniently, the walk is short and 
there is no delay. Rather than an exotic vehicle, the primary technological 
need is for improved design of transportation systems. Better systems will 
open the door to innovative design of terminals. 


Most intercity travel is intermodal; for example, taxi-walk-escalator-walk- 
airplane-bus-walk. Intermodal travel need not involve more than one line- 
haul carrier, mode or vehicle. The future will doubtless see improvements 
in the technology of many of the modal links concerned, which will improve 
quality of travel. So will improvements to the nodes (terminals). The 
greatest improvement expected within the next decade, however, will 

not involve the transport itself but rather the delays and activities at the 
nodes between the links. 
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Improvements to intermodal systems are expected to include airline check- 
in remote from the airport (before boarding the airport bus or connecting 
train), origin-destination intermodal baggage handling, intermodal reserva- 
tion systems and intermodal ticketing. On-line multimodal scheduling systems 
would synchronize the capacity and departures of connecting carriers with 
arriving passengers (not just the capacity of the vehicles concerned, but the 
actual number of passengers boarding). For example, the transit system 
departing from the airport would have capacity that is consistent with the 
number of incoming air passengers and the history of onward modal travel 
of those passengers. 


The technology involved would be computer systems, both the high-capacity 
hardware and the scheduling and expert systems software necessary for its 
operation. Such systems would bestow competitive advantage to the multi- 
modal carriers or cooperating modal carriers that subscribe. They would 
also serve to reduce congestion and improve travel at larger terminals, 
particularly airports. 


ENDNOTES 


1. These notes are the result of preparation of an initial draft and its review with transportation 
technology specialists. Some of the material is taken from Canadian Transportation in 2000 
and 2015: Environmental Scanning Study by the Research and Traffic Group for Transport 
Canada, and the continuing update of that material. 


2. Travellers assess their alternatives in terms of the total time from departure at origin (home, 
office, etc.) to arrival at the ultimate destination. Allowances are also included for antici- 
pated arrival delay and for (schedule) convenience with respect to desired arrival/departure 
time. In this regard, vehicle speed is only one element. 


3. There are a number of substances emitted from transportation vehicles and systems that 
contribute to warming of the global atmosphere and the predicted climatic change collo- 
quially referred to as the greenhouse effect. These include methane, nitrous oxide, sulphur 
dioxide, ozone and chlorofluorocarbons and carbon monoxide, but the predominant emis= 
sion of concern is carbon dioxide. Although on a unit basis the other greenhouse gases 
are an order of magnitude more harmful to the atmosphere, it is carbon dioxide that has 
received the greatest attention, and rightly so. Quantities of carbon dioxide emitted over- 
shadow those of all other gases, and opportunities to significantly ameliorate the problems 
posed by carbon dioxide are not apparent. 


4. Here is the essence of the intercity bus limitation. Modern intercity coaches with trained and 
experienced drivers can safely negotiate most roads at speed substantially above speed 
limits. Were they to do so in mixed traffic, however, passing situations and the effect on 
less equipped motorists would detract from safety. 


5. Impediments to the implementation of such a system are not likely to be technological 


or economic. Rather, a system that tracks vehicles in space and time could (used with 
insufficient security) constitute an invasion of privacy. 
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6 Smaller vehicles have been suggested as a solution to congestion. However, safe capacity 
is dictated by speed, driver reaction and vehicle stopping time. Vehicle length is of minor 
consequence, and the impact of some small vehicies tends to be perverse. As regards 
highway capacity, a fleet of identical vehicles would be optimal. 


_ For a vehicle with aerodynamic resistance of one (force) unit at 25 kilometres per hour, a 
doubling of the speed to 50 kilometres per hour would increase resisting force by a factor of 
approximately 3.5. Doubling it again, to 100 kilometres per hour, would increase aerodynamic 
resisting force a further four or five fold. A trend towards increasing mean vehicle speeds 
could rapidly neutralize any gains through fuel efficiency technological improvement. As an 
indication of the magnitude of this effect, it is estimated that the difference between a vehi- 
cle speed of 77 kilometres per hour and one of 100 kilometres per hour causes a 20 percent 
increment in per kilometre fuel consumption. As mentioned above, improving technology 
should allow higher vehicle speeds without loss of safety. 
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